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I .  ABSTRACT 


Beginning  in  the  fall  of  1958  an  investigation  was 
undertaken  to  study  the  behaviour  of  the  concrete  pavement  with 
reference  to  temperature  changes .  This  experimental  concrete 
strip  consisting  of  unreinforced,  reinforced  and  continuously 
reinforced  concrete  slabs  was  situated  on  the  Trans-Canada.  High¬ 
way  in  Bowness,  near  Calgary,  Alberta.  The  depth  of  the  slab 
varied  from  6  to  8  inches  and  the  steel  percentage  from  0  to 
0.815. 

Instrumentation  was  planned  and  installed  in  order  to 
observe  conditions  at  cracks  in  the  reinforced  and  continuously 
reinforced  concrete  pavements  .  Measurements  were  made  of  the 
strain  in  the  reinforcing  steel  and  the  accompanying  crack  widths 
at  various  slab  temperatures  encountered  during  the  months  of 
October  1958  to  March  1959. 

The  results  of  this  investigation  indicate  that  cracks 
in  the  interior  section  of  the  continuously  reinforced  concrete 
pavement  opened  to  objectionable  widths  and  the  reinforcing  steel 
spanning  the  cracks  yields  in  tension  due  to  a  temperature  drop 
varying  from  50  to  75  degrees  Fahrenheit .  The  temperature  drop 
at  which  the  reinforcing  steel  yielded  in  tension  depended 
directly  on  the  amount  of  longitudinal  reinforcement.  On  the 
basis  of  the  data  obtained  there  is  an  indication  that  the  pave¬ 
ment  design  should  be  based  on  the  total  area  of  the  steel  if  yieldin 
of  the  steel  is  to  be  prevented  at  shrinkage  cracks. 
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II.  INTRODUCTION 

Up  until  the  present  time,  highway  departments  in 
Western  Canada,  have  favoured  asphalt  pavements  on  main  high¬ 
ways  because  of  economic  considerations.  However,  recent 
developments  in  pavement  technology  suggest  that  certain 
types  of  concrete  pavements  may  be  used  economically  in  some 
parts  of  the  Province  of  Alberta. 

In  195^  the  Alberta  Department  of  Highways  con¬ 
structed  an  unreinforced  concrete  test  road  just  north  of 
Calgary  to  evaluate  the  economics  and  merits  of  a  rigid  pave-1 
ment .  This  program  was  continued  in  1958  by  the  construction 
of  a  second  test  road  composed  of  unreinforced,  reinforced  and 
continuously  reinforced  sections.  This  test  road  is  a  part  of 
Highway  No.  1,  west  of  Calgary. 

Under  the  auspices  of  the  Research  Council  of  Alberta, 
the  instrumentation  of  the  test  road  was  designed  and  installed. 
The  instrumentation  consisted  of  control  points  to  measure  hori¬ 
zontal  and  vertical  movement  of  the  slab,  gage  points  to  measure 
the  width  of  instigated  craxks,  thermocouples  to  measure  slab 
temperature  and  "SR-4"  strain  gages  to  measure  strain  in  the 
reinforcing  bars. 


Ill .  HISTORICAL  REVIEW 


(a)  Plain  Concrete 

The  use  of  plain  concrete  for  road  surfaces  dates 
back  long  before  the  beginning  of  the  twentieth  century.  At 
the  end  of  the  nineteenth  century  plain  concrete  pavement  was 
in  existence  both  in  Europe  and  the  North  American  Continent . 
One  of  the  earliest  concrete  pavements  on  record  is  that  con¬ 
structed  in  Inverness,  Scotland  in  1865 .  In  North  America 
there  is  a  record  of  one  which  was  constructed  in  Belle- 
fontaine,  Ohio  as  early  as  1892 .  In  Canada  the  earliest 
concrete  pavement  of  which  there  is  a  record  was  that  con¬ 
structed  in  Toronto  in  1902. 

The  early  concrete  pavements  were  laid  in  blocks 
ranging  from  6  to  25  foot  square  with  expansion  joints  ranging 

i  ( 1  )* 

from  ^  inch  to  1  inch  between  blocks  x  1  . 

The  general  practice  until  the  late  1920*8  involved 

6  inch  unreinforced  concrete  slab  with  both  expansion  and  con¬ 
traction  joints  .  Field  performance  and  mathematical  analysis 
of  the  stresses  in  concrete  pavements  under  wheel  loads  made 
in  the  1920!s  showed  that  greatest  stresses  existed  at  the 
corners  and  edges  of  concrete  panels.  This  finding  led  to 
development  of  designs  with  thickened  edges  such  as  9  inch  to 

7  inch  to  9  inch,  in  which  the  slab  was  made  9  inches  at  the 

edges  and  7  inches  over  the  central  portion .  This  type  of 

design, however,  was  abandoned  some  years  ago  because  of  the 

increasing  cost  of  preparing  the  base  to  take  the  slab  of 

(1) 

varying  depth 


*  Refers  to  bibliography. 
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The  present  practice  in  plain  unreinforced  concrete 
pavement  involves  uniform  slab  thickness  which  varies  from  7 
to  10  inches  in  depth. 

(b)  Reinforced  Concrete  with  Closely  Spaced  Joints 

As  a  result  of  extensive  research  and  experience  in 
the  field,  reinforced  concrete  pavements  came  into  use.  These 
have  increased  in  size  to  encompass  10  to  12  foot  lane  widths, 
lengths  of  30  to  100  feet,  the  thickness  of  from  6  to  10  inches 
or  more.  Comparatively  light  reinforcing  has  been  utilized  as 
a  means  of  fcieing  the  cracks  in  the  pavement  together  and  to 
give  the  pavement  some  flexural  strength. 

The  design  of  conventional  reinforced  concrete  pave¬ 
ment  with  load  transfer  joints  every  30  to  100  feet  is  based 
on  the  assumption  that  minor  thermal  cracking  will  occur  between 

the  joints,  and  that  all  deformations  will  take  place  at  load 
(o) 

transfer  joints  v  J  . 

This  form  of  construction,  because  of  its  increased 
resistance  to  damage,  is  superior  to  plain  concrete,  especially 
in  regions  where  poor  soils  and  low  temperatures  are  encountered . 

(c)  Continuously  Reinforced  Concrete  Without  Joints 

Although  conventional  reinforced  pavement  has  given 
satisfactory  service  over  the  years,  engineers  connected  with 
the  road  building  industry  felt  that  it  was  not  the  optimum 
that  could  be  accomplished  with  reinforced  concrete.  Factors 
such  as  pumping,  roughness  and  displacement  at  the  joints,  breaks 
and  warping  due  to  frost  action  and  volumetric  changes  in  the 
subsoil  have  become  recognized  as  major  deficiencies  in  the 
performance  of  the  conventional  reinforced  pavement. 
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Several  years  ago  it  was  suggested, on  a  theoretical 
basis,  that  if  cracks  which  form  were  held  tightly  together, 
pavement  cracking  could  be  permitted  to  occur  at  any  natural 
interval.  However,  sufficient  reinforcement  should  be  pro¬ 
vided  to  prevent  the  cracks  opening  to  the  extent  which  would 
permit  pavement  pumping  and  cause  extreme  strains  in  the  steel 
due  to  vehicle  loads  .  In  the  continuously  reinforced  concrete 
pavement,  emphasis  is  transferred  from  the  stress  consideration 
and  is  placed  on  the  relation  between  the  strain  in  the  steel 
and  the  width  of  the  crack  opening. 

The  elimination  of  contraction  and  expansion  joints 
and  relative  displacement  at  the  cracks  should  give  smoother 
riding  qualities.  Perhaps  the  most  important  advantage  of  such 
construction  for  the  Province  of  Alberta  could  be  the  elimina¬ 
tion  of  spring  road  bans . 

Continuously  reinforced  concrete  pavements  have  been 
constructed  in  the  United  States  as  experimental  projects  in 

New  Jersey,  California,  Illinois,  Indiana,  Texas  and  Pennsyl- 

.  (2 ) 
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IV.  OBJECTIVES 


The  objectives  to  be  studied  in  this  thesis  may  be 
stated  as  follows: 

1 .  To  determine  the  maximum  strains  in  the  reinforcing 
steel,  taking  into  account  the  varying  percentages 

of  reinforcement  and  varying  thicknesses  of  pavement. 

2.  To  determine  the'  effects  of  temperatures  on  the 
strains  in  the  reinforcing  steel. 

3.  To  determine  the  behaviour  of  the  pavement  at  a  crack 
by  measuring  the  crack  width  and  the  strains  in  the 
steel . 

4.  To  determine  strain  in  the  reinforcing  steel  at  points 
removed  from  the  preformed  crack. 

5.  To  determine  the  thermal  effect  on  the  width  of  the 


cracks . 
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V .  THEORY 
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Theoretically,  the  behaviour  of  a  continuously  rein¬ 
forced  concrete  pavement  is  dependent  upon  three  factors:  The 
shrinkage  of  concrete;  expansion  and  contraction  caused  by  temp¬ 
erature;  and  strains  induced  by  imposed  external  wheel  loads. 

Shortly  after  concrete  is  poured  it  tends  to  contract 
due  to  capillary  forces .  This  mechanism  is  commonly  referred  to 
as  "shrinkage".  In  reinforced  concrete  pavement,  the  restraints 
offered  by  the  bonded  steel  and  the  subgrade  establish  net  tensile 
forces  in  the  slab.  When  this  tensile  force  reaches  the  magnitude 
of  the  rupture  strength  of  the  concrete,  a  shrinkage  crack  forms. 

The  temperature  mechanism  of  cracking  for  continuously 
reinforced  concrete  pavements  is  similar  to  shrinkage  mechamism, 
except  that  the  contraction  of  concrete  is  not  caused  by  shrink¬ 
age  but  by  the  drop  in  temperature .  For  a  given  temperature 
drop,  the  total  displacement  of  a  slab  resting  on  a  subgrade  will 
be  less  than  for  a  free  slab  because  of  the  subgrade  restraint . 
Thus  the  magnitude  of  horizontal  movement  will  depend  not  only  on 
the  coefficient  of  thermal  expansion,  but  also  on  the  friction 
which  will  be  developed  between  the  subgrade  and  pavement .  With 
the  drop  in  temperature  the  concrete  will  tend  to  contract.  No 

restraint  is  offered  by  the  steel  whose  coefficient  of  expansion 

(  q  ) 

or  contraction  is  almost  the  same  as  that  of  concrete .  How¬ 
ever,  shearing  forces  mobilized  between  the  subgrade  and  the 
pavement  will  tend  to  prevent  any  movement  of  the  slab,  thus 
causing  tensile  stresses  to  develop  in  the  concrete  pavement. 

The  magnitude  of  these  stresses  will  depend  on  the  temperature 
drop  and  the  subgrade  restraint . 
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The  distribution  of  stress  in  the  concrete  will  start 
from  zero  at  the  free  end  and  build  up  to  a  fully  restrained 
value  at  some  distance  from  the  free  end.  At  a  point  some  distance 
away  from  the  free  end,  at  which  the  total  frictional  force  be¬ 
comes  larger  than  the  potential  tensile  force  of  concrete,  the 
slab  will  crack.  It  is  assumed  here  that  the  steel  takes  no 
tension  stress  until  the  concrete  cracks.  This  is  a  good  assump¬ 
tion  since  the  load  taken  by  the  steel  just  before  the  concrete 
cracks  is  small  compared  with  that  taken  by  the  concrete  slab. 

Once  the  crack  develops,  all  the  load  is  picked  up  by 
the  steel,  thus  providing  continuity  of  the  pavement.  Any  tensile 
stress  that  develops  in  the  steel  at  cracks  must  occur  in  the 
immediate  vicinity  of  the  crack.  As  a  result,  the  reinforcing 
steel  spanning  each  crack  must  either  maintain  the  strain  within 
its  elastic  limit  by  losing  bond  with  the  surrounding  concrete, 
or  yield  in  tension. 

Shrinkage  and  temperature  induced  straining  are  in 
operation  to  varying  degrees  of  magnitude  at  all  times.  Initially, 
the  shrinkage  mechanism  predominates,  while  at  a  later  age,  the 
temperature  mechanism  is  the  major  one  .  Initially,  all  cracks 
are  probably  due  to  shrinkage.  These  cracks  may  well  set  the 
pattern  of  future  behaviour  (3) . 


VI.  GENERAL  DESCRIPTION  OF  THE  TEST 
PROJECT  AND  CONSTRUCTION  PROCEDURES 
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In  the  fall  of  1958  the  Alberta  Department  of  High¬ 
ways  built  3  miles  of  proposed  4|  miles  of  concrete  test  road 
with  two  12  foot  lanes  bound  by  10  foot  asphalt  shoulders.  The 
experimental  strip,  which  is  part  of  the  Trans  Canada  Highway, 
extends  for  4|  miles  west  of  the  Bow  River  Crossing  (Plate  l). 
The  dimensions  and  reinforcing  In  the  sections  are  as  follows: 
(a)  Continuously  Reinforced  Concrete  Pavement 


Section 

Station 

Length 

Thickness 

Reinforcing 

in 

in 

Steel 

Type 

From 

To 

Feet 

Inches 

in  <f> 

B6-2 

280 

+03.0 

302  + 

07.5 

2204  .5 

6 

0.815 

b6-i 

302 

+  07.5 

321  + 

79.5 

1972.0 

6 

0.715 

B7-1 

321 

*  79-5 

348  + 

24.5 

2645.0 

7 

0.706 

B7-2 

348 

+  24.5 

374  + 

72.5 

2648.0 

7 

0.784 

(b) 

Reinforced 

Concrete  Pavement  with 
at  30  Feet 

Joints  Spaced 

Section 

Station 

Length 

Thickness 

Reinforcing 

in 

in 

Steel 

Type 

From 

To 

Feet 

Inches 

in  % 

A -8 

187 

+  93.0 

223 

+  03.0 

3510.0 

8 

0.139 

A-7 

223 

4*  03.0 

253 

+  93.0 

3090.0 

7 

0.159 

A-6 

253 

4-  93.0 

280 

+  03.0 

2610.0 

6 

0.185 

(c)  Plain  Concrete 

8  inch  non-reinforced  concrete  slab  5239  feet  long 


with  load  transfer  joints  every  20  feet. 


. 


4  .  .  .  4 

4  - 

4  .  ,  .  .  .  4 
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Transverse  reinforcing  consisting  of  \  inch  round 
bars  were  spaced  at  23”  in  sections  A-6 ,  A-7,  and  A-8  and  at 
30”  in  sections  B7-1,  B7-2,  B6-1  and  B6-2 . 

The  construction  of  the  pavement  was  started  in  the 
first  week  of  September,  1958  and,  because  of  freezing  tempera¬ 
tures,  had  to  be  stopped  two  months  later  in  the  first  week  of 
November.  Six  sections  were  completed  in  the  fall  of  1958, 
namely:  Section  A-6,  B6-1,  B6-2,  B7-1,  B7-2  and  Section  C. 
Sections  A-7  and  A-8  will  be  completed  in  the  spring  of  1959. 

Only  sections  A-6,  B6-1,  B6-2,  B7-1  and  B7-2  are  dis¬ 
cussed  here.  A  full  discussion  on  Section  C  is  to  be  presented 
in  thesis  entitled  "Experimental  Concrete  Pavements  in  Alberta" 
by  K.  Ellert  ^ . 

The  pavement  was  built  on  4  inch  granular  base  course 
throughout  the  length  of  the  test  road . 

Continuously  Reinforced  Concrete  Pavement 

Thfe  total  length  of  the  continuously  reinforced  pave¬ 
ment,  comprising  of  Sections  B6-1,  B6-2,  B7-1  and  B7-2,  is 
9,469  feet. 

At  both  ends  of  the  continuously  reinforced  section 
finger  type  steel  expansion  dams  were  built  (Figures  1  and  2) . 

In  Sections  B6-1  and  B6-2,  the  longitudinal  reinforce¬ 
ment  for  each  lane  consisted  of  14  and  16  No.  6  intermediate 
grade  deformed  steel  bars  resulting  in  0.715$  and  0.815$  cross- 
section  area  of  the  pavement  respectively.  In  Sections  B7-1 
and  B7-2,  longitudinal  reinforcement  for  each  lane  consisted 
of  9  and  10  No .  8  intermediate  grade  deformed  steel  bars  result¬ 
ing  in  a  0.706$  and  0.784$  cross-section  area  of  the  pavement 
respectively . 


' 


- 
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The  longitudinal  reinforcing  bars  were  placed  and 
tied  to  2§  inch  risers.  The  |  inch  transverse  bars  were  laid 
on  top  and  tied  at  every  point  the  transverse  bar  crossed  the 
longitudinal  bar  (Figure  3) • 

Special  gages  were  installed  in  ten  locations  to 
facilitate  the  measurement  of  temperature  and  longitudinal 
strain  in  the  vicinity  of  transverse  pavement  cracks  at  an 
artificially  induced  plane  of  weakness  . 

Bakelite  type  "SR-4'T  strain  gages  were  attached  to 
the  surface  of  four  of  the  longitudinal  reinforcing  bars  at 
each  location.  These  gages  were  located  at  the  preformed  cracks 
and  at  distances  ranging  from  18  to  40  diameters  away  from  the 
crack . 

Thermocouples  were  placed  at  the  same  locations  in 
the  pavement  to  indicate  local  temperatures,  and  also  to  permit 
a  study  of  the  effects  of  vertical  temperature  gradation  in  the 
concrete  slab . 

Steel  gage  points  were  installed  on  both  sides  of  the 
plane  of  weakness  near  the  edges  of  the  pavement  and  near  the 
centre  line  to  allow  the  measurement  of  crack  opening. 

The  electrical  leads  from  gages  within  the  pavement 
were  carried  in  the  ground  below  the  base  course  to  a  plywood 
terminal  box  located  on  the  sideslope  of  the  pavement  (Figure  4 
and  Plate  1 )  . 

Strain  and  temperature  readings  were  taken  within 
eight  hours  after  concrete  was  placed  at  the  sections  where 
gages  were  installed .  The  initial  gage  readings  provided  a 
base  for  all  subsequent  readings . 
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During  the  first  10  days*  readings  were  taken  at 
least  once  a  day  to  determine  initial  behaviour  of  the  slab . 
Subsequent  readings  were  taken  once  every  7  days  for  the  first 
month . 


Figure  2 


Expansion  Dam  Installation 


Id 


Figure  3  Placement  of  Reinforcement  in 

Continuously  reinforced  Pavement 
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Figure  4  Terminal  Box  in  Place 
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VII .  INSTRUMENTATION 

Altogether  forty-eight  longitudinal  reinforcing  bars 
were  gaged  to  measure  the  strains  at  the  instigated  cracks  and 
also  at  distances  from  12  to  40  diameters  on  each  side  of  the 
crack . 

Surface  Preparation 

To  obtain  a  smooth  surface  suitable  for  attaching 
the  "SR-4n  gages,  it  was  necessary  to  remove  the  deformations 
from  the  deformed  bars.  The  deformations  were  filed  off  while 
the  final  polished  surface  was  obtained  using  different  grades 
of  emergy  cloth  (Figure  5) •  The  removal  of  the  deformations 
and  surface  polishing  caused  reduction  of  cross-sectional  area 
by  about  5$* 

Type  "AB-3"  wire  resistance  strain  gages  were  attached 
to  the  bars  as  strain  transducers  (Plate  2) .  They  were  arranged 
to  allow  measurement  of  direct  strain. 

The  process  of  attaching  the  nSR-4n  bakelite  gages  to 
steel  surface  involves  baking  at  temperatures  ranging  from  175°^. 
to  350°F.  to  cure  the  cementing  resins.  In  order  to  produce  a 
correct  amount  of  heat  and  fascilitate  a  systematic  method  of 
curing  a  number  of  gages,  an  oven  housing  eight  bars  was  designed 
(Figure  6) .  Special  clamps  were  fabricated  and  used  to  apply  the 
required  pressure  to  assure  a  good  bond  between  the  gages  and  the 
steel  (Figure  7) . 

After  all  the  gages  were  attached,  completely  wired, 
waterproofed  and  checked  for  stability,  the  bars  were  placed  in 
wooden  racks  and  shipped  to  the  test  site  (Figure  8). 
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Figure  5  Surface  Preparation 


Figure  6  Oven  Used  in  Curing  Cementing  Resins 
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Figure  7  Application  of  Pressure  to  Assure  Good 

Bond  Between  "SR-V  Gage  and  Reinforcing  Steel 
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Figure  8  Prepared  Bars  Ready  for  Shipment 


The  alloy  wire  used  in  "SR-4”  gages  is  sensitive  to 
temperature  as  well  as  strain.  While  this  temperature  sensi¬ 
tivity  is  very  small  compared  with  that  of  strain,  it  must  be 
considered  in  cases  where  accurate  measurements  are  to  be  made 
under  varying  temperature  conditions w '  . 

The  four-arm  bridge  circuit  used  in  most  electrical 
strain  reading  instruments  provides  a  means  for  correction  of 
errors  due  to  temperature  changes .  This  involves  the  use  of 
temperature  compensating  gages  that  must  be  subjected  to  all 
of  the  conditions  of  the  active  gage  except  strain.  When  this 
gage* commonly  known  as  ar,dummy",  and  the  strain  measuring  gage, 
known  as  "active  gage",  comprise  adjacent  arms  of  a  four-arm 
bridge  circuit,  only  the  strains  in  the  active  gage  influence 
the  output  of  the  bridge . 

Two  temperature-compensating  gages  were  prepared  for 
use  at  each  test  location  (Figure  9) *  A  strain  gage  was 
attached  to  a  bar  4  inches  in  length  and  of  the  same  type  of 
steel  as  used  in  a  given  test  location.  After  the  gage  was 
attached,  wired,  waterproofed  and  checked  for  stability,  the 
unit  was  inserted  into  a  pipe  6  inches  in  length  and  sealed  with 
petrolastic  asphalt  (Figure  10) .  This  device,  when  placed  in 
concrete  pavement,  would  be  subjected  to  the  same  temperature 
conditions  as  the  reinforcing  steel,  but  would  not  be  affected 
by  external  strain  producing  loads. 

As  the  paving  operations  approached  the  test  location, 
the  prepared  bars  and  thermocouples  were  set  in  place  (Figure  11). 
At  each  test  location  four  bars  were  removed  and  replaced  with 
prepared  bars .  All  the  lead  wires  at  the  test  panel  were  carried 
into  the  terminal  box  located  on  the  side-slope  of  the  road. 
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Figure  9  Waterproofing  of  Temperature 
Compensating  Unit 
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Figure  10  Temperature  Compensating  Unit  Ready 
for  Installation 
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Figure  11  Prepared  Bars  in  Place 


A  "Demec"  strain  gage,  with  an  8  inch  gage  length 
and  a  range  of  0.10  inches,  was  used  to  measure  the  width 
of  the  instigated  crack  at  each  test  section.  An  invar  cali¬ 
bration  bar  provided  a  standard  gage  reference  for  measurements 
that  would  be  made  at  regular  intervals  for  an  extended  period 
of  time. 

Two  steel  plugs,  \  inch  in  diameter  and  3  inches  long, 
provided  receptacles  for  the  conic  points  of  the  gage.  The  steel 
plugs  were  fabricated  of  a  No.  4  reinforcing  bar  by  simply  cutting 
the  reinforcing  bar  into  3  inch  lengths,  machining  one  end  and 
drilling  a  hole  1/64  inch  in  diameter  and  1/32  inch  deep.  After 
the  finishing  operations  these  plugs  were  placed  in  concrete 
pavement  at  chosen  locations,  approximately  8  inches  apart.  After 
the  initial  set  of  concrete,  the  "zero"  measurements  were  made 
and  recorded  . 

Several  types  of-  temperature  transducers  were  con¬ 
sidered  for  use  in  the  measurement  of  temperature  at  selected 
positions  within  the  pavement  structure. 

Economic  considerations  and  time  of  delivery  indicated 
the  use  of  copper-constantan .  The  end  of  both  copper  and  con- 
stantan  wire  was  bared  for  about  1\  inches  .  The  ends  of  these 
wires  were  twisted  into  a  loop  and  soldered  together.  After  it 
was  determined  experimentally  that  calibration  curve  for  all 
practical  purposes  was  a  straight  line,  the  soldered  end  forming 
what  is  known  as  "warm  junction1'  was  waterproofed  by  dipping 
several  times  in  neoprene . 

Four  to  five  temperature  gages  were  installed  in  the 
pavement  in  the  predetermined  locations.  Three  gages  were  placed 
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vertically,  one  above  the  other,  1  inch  up  from  the  bottom  of 
the  slab,  at  a  longitudinal  centreline  of  the  pavement,  and 
1  inch  below  the  pavement  surface. 
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VIII.  INTERPRETATION  OF  RESULTS 
A.  Continuously  Reinforced  Concrete  Pavement 

1.  Section  Type  B7*-2 

The  reinforced  concrete  pavement.  Type  B7-2,  2,648 
feet  in  length,  consists  of  a  seven  inch  slab  reinforced  with 
No.  8  intermediate  grade,  deformed  steel  bars,  comprising 
0.784$  of  the  cross-section  area  of  the  pavement  (for  details 
see  Plate  4 ) . 

Two  test  sections,  referred  to  from  here  on  as 
’’Location  I  and  Location  II”,  were  located  at  stations  364+00 
and  357+°0  respectively. 

(a)  Location  I 

Concrete,  in  the  test  section  located  at  station 
364+00,  was  poured  at  9  a.m.  on  September  30,  1958.  The  first 
strain  gage  readings  were  taken  about  three  hours  after  the 
finishing  operations,  at  which  time  the  air  temperature  was 
60°F.  Subsequent  readings  and  strain  calculations  revealed 
that  using  the  strain  readings  taken  immediately  after  the 
finishing  operation  gave  questionable  results,  so  readings  taken 
8J-  hours  after  the  concrete  was  placed  were  used  as  the  basis 
for  strain  calculations  for  all  subsequent  gage  readings . 

Two  ”SR-4”  strain  gages  were  attacned  at  each  gage 
point,  one  on  each  side  of  the  horizontal  diameter  of  the  re¬ 
inforcing  steel .  Strains  at  each  gage  point  were  averaged  and 


*  "B”  refers  to  continuously  reinforced  concrete  strip. 

”7”  refers  to  the  slab  thickness. 
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plotted  against  time  elapsed  after  construction  in  days. 

(For  gage  position,  see  Plate  1-12.) 

Curves  in  Plate  1-1  represent  the  strain  history  at 

the  instigated  crack  for  the  first  two  weeks  after  placing  of 

* 

concrete  in  the  test  section.  Curves  in  Plate  1-2  represent 
the  strain  record  at  the  instigated  crack  for  sixty-six  days 
after  construction.  Subsequent  strain  readings  that  were  taken 
113  days  and  133  days  after  construction  indicate  that  the  re¬ 
inforcing  steel  spanning  the  instigated  crack  had  strained  far 
beyond  its  yield  point . 

During  the  first  four  days  after  construction,  when 
the  average  slab  temperature  was  between  60  and  70°F.,  maximum 
compressive  strains  of  120  micro  inches/inch  were  recorded. 

After  four  days  when  the  slab  temperature  dropped  below  60°P., 
the  strains  in  the  steel  increased  indicating  tension.  Readings 
taken  6.3  days  after  construction  at  a  slab  temperature  of  5 2°F 
indicate  that  the  slab  had  cracked  at  the  plane  of  weakness, 
and  tension  strains  in  the  steel  of  350  micro  inches/inch  were 
recorded.  Curves  in  Plates  1-1  and  1-2  indicate  that  steel  in 
the  south  lane  of  the  pavement  was  affected  by  temperature 
change  to  a  greater  degree  than  in  the  north  lane .  In  the  early 
life  of  the  pavement  higher  compressive  strains  have  been  record¬ 
ed  in  the  south  lane,  and  when  a  crack  developed  along  the  plane 
of  weakness,  the  steel  in  the  south  lane  w as  subjected  to  much 
higher  tensile  strains . 

Readings  taken  27  days  after  construction  indicated 
that  steel  in  the  south  lane  had  strained  to  700  micro  inches/ 
inch  tension  at  the  crack,  and  that  in  the  north  lane  to  225 

micro  inches/inch  compression.  Average  crack  width  in  the  south 
lane  at  the  time  of  strain  readings  was  0.028  inches  while  in 
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the  north  lane  the  average  crack  width  was  0.032  inches  (Plate 
1-7)  .  The  average  slab  temperature  recorded  at  the  time  of 
readings  was  34°F.  An  explanation  of  this  phenomenon  will  be  at¬ 
tempted  when  the  discussion  of  the  strain  pattern  at  the  gage 
points  away  from  the  crack  is  presented  . 

The  maximum  elastic  tension  strains  in  the  steel 
spanning  the  crack  were  measured  on  November  28,  1958,  when 
the  average  slab  temperature  was  +1°F.  The  reinforcing  bars 
at  the  crack  in  the  south  lane  were  strained  to  1,675  micro 
inches/inch  and  in  the  north  lane  to  1,250  micro  inches/inch. 
Readings  taken  on  December  5th  of  the  same  year,  or  sixty-six 
days  after  construction  when  the  slab  temperature  was  about 
2°F.,  indicate  somewhat  lower  strains  in  the  bars  spanning 
the  crack. 

Strain  Pattern  at  Gage  Points  Away  from  the  Crack 

It  has  been  pointed  out  that  the  strain  history  at 
the  instigated  crack  is  quite  different  In  the  two  lanes  of  the 
pavement.  Due  to  this  dissimilarity,  discussion  of  the  strain 
pattern  at  gage  points  away  from  the  plane  of  weakness  may  best 
be  presented  separately. 

South  Lane 

The  curves  in  Plates  1-3  and  1-4  represent  the  strain 
history  in  the  reinforcing  steel  at  gage  points  16  to  27  inches 
away  from  the  crack. 

The  magnitude  of  the  strain  in  the  reinforcing  steel 
at  the  crack  stayed  approximately  equal  as  long  as  the  strains 
remained  below  the  yield  point. 


After  the  bars  yielded  in  tension,  the  strain  at  gage 
points  5-6  and  11-12  reached  1,4 00  micro  inches/inch,  while  at 
gage  points  1-2  and  7-8  strains  of  380  and  700  micro  inches/inch 
respectively  were  measured. 

The  development  of  this  unusual  strain  pattern  at  gage 
points  on  each  side  of  the  instigated  crack  may  best  be  explain¬ 
ed  by  an  increased  loss  of  bond  between  the  reinforcing  bars  and 
concrete  west  of  the  crack  (Plate  1-8)  . 

North  Lane 

The  strain  pattern  in  the  north  lane  at  the  gage  points 
away  from  the  instigated  crack  was  very  similar  to  that  in  the 
south  lane  for  the  first  9  days  after  construction  (Plate  1-3 
and  1-5)  •  Measurements  taken  13  days  after  construction  indicate 
large  compression  strains  both  at  the  instigated  crack  and  at 
gage  points  away  from  this  crack.  A  similar  strain  occurrence 
took  place  20  and  27  days  after  construction.  No  definite  explan¬ 
ation  is  available.  It  should  be  noted  that  a  truck  drove  over 
one  day’s  pour  when  the  concrete  slab  was  from  12  to  18  hours 
old,  leaving  deep  tracks  in  the  slab.  These  tracks  were  made 
in  the  north  lane  and  in  the  vicinity  of  the  prepared  bars  .  The 
damage  was  corrected  by  the  contractor  the  same  day  by  filling 
the  tire  tracks  with  freshly  mixed  concrete.  Additional  repair 
work  on  these  tire  tracks  was  carried  out  about  two  weeks  later. 

This  occurrence  may  account  for  this  rather  unique  strain 
pattern  at  gage  points,  both  at  the  instigated  crack  and  away  from 
it .  No  other  explanation  is  available  at  the  present  time . 

Considering  the  fact  that  the  average  width  of  the  in¬ 
stigated  crack  in  the  north  lane  was  0.0325  inches  when  the  strain 
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measurements  indicated  compression  in  the  steel  at  the  crack 
of  250  micro  inches/inch,  it  seemed  reasonable  to  assume  that 
these  strain  measurements  were  unrealistic  and  incorrect . 

The  close  relationship  between  strain  in  the  rein¬ 
forcing  steel,  crack  width,  and  slab  temperature  is  shown  in 
Plate  1-2. 

Curves  in  Plates  1-9*  1-10,  and  1-11  indicate  that 
the  definite  relationships  existed  between  strain  in  the  re¬ 
inforcing  steel  and  crack  width,  temperature  and  crack  width, 
temperature  and  strain,  when  strain  in  the  reinforcing  bars 
spanning  the  crack  remained  within  elastic  range. 

The  above  relationships  ceased  to  exist  after  the 
reinforcing  steel  yielded  in  tension.  It  may  be  observed  in 
Plate  1-10  that  after  the  reinforcing  steel  yielded  in  tension 
the  width  of  the  instigated  crack  was  wider  for  a  given  tem¬ 
perature  . 

No  definite  relationship  seems  to  have  existed 
between  strain  in  the  reinforcing  steel  and  the  crack  width 
when  strain  in  the  steel  was  in  the  low  elastic  range  .  However, 
when  strain  in  the  reinforcing  steel  was  in  the  medium  to  high 
elastic  range,  the  strain  in  the  steel  increased  in  proportion 
to  the  increase  in  the  crack  width  (Plate  1-9)  . 

The  temperature-crack  width  curve  in  Plate  1-10 
indicates  that  the  width  of  the  instigated  crack  increased  in 
proportion  to  the  drop  in  temperature  after  sub-freezing  temper¬ 
ature  cycle  started  . 

The  relationship  between  strain  in  the  reinforcing 
steel  and  the  slab  temperature  is  shown  in  Plate  1-11 .  It  is 
evident  that  in  the  elastic  range  the  strain  in  the  reinforcing 
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steel  Increased  in  proportion  to  the  drop  in  temperature. 

During  the  early  pavement  life  after  the  crack  develop¬ 
ed  at  the  plane  of  weakness,  constant  temperature  cycling 
prevented  the  formation  of  the  adhesive  bond  between  the  steel 
and  the  concrete,  and  only  the  mechanical  bond  was  developed 
at  the  extreme  limits  of  differential  movement  between  the 
concrete  and  the  deformations  on  the  reinforcing  bar.  The  range 
of  the  differential  movement  deminished  as  the  strain  in  the  re¬ 
inforcing  steel  at  the  crack  increased,  and  as  the  distance  from 
the  crack  became  greater  (Plate  1-11 )  . 

Conclusions 

Loss  of  bond  between  the  reinforcing  bars  and  the 
concrete  extended  to  a  point  about  1 6  bar  diameters  from  the 
crack  when  strain  in  the  reinforcing  steel  was  in  the  elastic 
range  .  Additional  bond  loss  took  place  after  the  reinforcing 
bars  yielded  in  tension. 

The  reinforcing  bars  yielded  in  tension  at  the  insti¬ 
gated  crack  when  the  slab  temperature  dropped  below  -2Q°F .  If 
reinforcing  steel  with  a  yield  point  strain  of  about  2,500  micro 
inches/inch  had  been  used,  it  appears  probable  that  no  yielding 
would  have  taken  place  at  slab  temperature  as  low  as  -40°F. 

When  the  reinforcing  bars  started  to  yield  at  the  slab 
temperature  of  -20°F.,  the  width  of  the  instigated  crack  probably 
increased  to  0.06  inches.  Assuming  no  yielding  of  the  reinforc¬ 
ing  steel,  the  instigated  crack  would  have  likely  opened  up  to 
0.07  inches  at  -40°F.  unless  additional  cracks  were  f orned  . 

It  is  of  interest  to  note  that  the  strain  of  the  re- 
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inforcing  steel  crossing  the  instigated  crack  remained  within 
the  range  of  MSR-V  bakelite  gages  (15,000  to  20,000  micro 
inches/inch) . 
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(b)  Location  II 

Concrete  in  the  test  section  located  at  station  357+00 
was  placed  at  11:00  a.m.  on  October  1st,  1958.  First  strain 
gage  readings  were  taken  about  four  hours  after  the  finishing  oper¬ 
ation.  These  readings  served  as  the  basis  for  strain  calculations 
for  all  subsequent  strain  measurements . 

Separate  strain-time  curves  for  gages  3-4,  9-10,  15-16 
and  21-22,  located  at  the  instigated  crack  have  been  plotted. 

These  curves  are-  given  in  Plates  2-1  to  2-4  inclusive.  Strain¬ 
time  curves  for  the  above  gage  points  have  been  superimposed  in 
Plates  2-5  and  2-6  in  an  attempt  to  show  variation  in  strain 
pattern  along  the  instigated  crack.  For  gage  positions  see 
Plate  2-15. 

Curves  in  Plate  2-5  represent  the  strain  history  at  the 
instigated  crack  during  the  first  two  weeks  of  the  pavement  life, 
while  curves  in  Plate  2-6  represent  strain  history  from  the  time 
of  concrete  placing  until  the  prepared  bars  yielded  in  tension 
at  the  gage  points. 

A  very  good  correlation  between  strain  in  the  reinforc¬ 
ing  steel,  crack  width,  and  average  slab  temperature  is  shown  in 
Plate  2-6  . 

It  may  be  seen  from  the  curves  in  Plates  2-5  and  2-6 
that  largest  variations  in  strain  in  the  steel  spanning  the  crack 
occurred  in  the  south  lane,  the  differences  increase  with  the 
increase  in  strain.  The  strains  in  the  steel  spanning  crack  in 
north  lane  are  of  the  same  magnitude  as  in  the  south  lane,  but 
they  are  nore  consistent  with  the  maximum  variation  of  200  micro 
inches/inch . 
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Measurements  taken  on  November  28th,  1958  when  the 
test  section  was  57  days  old,  and  the  average  slab  temperature 
was  -3°F . ,  show  that  the  crack  had  opened  to  O.O67  inches  and 
the  reinforcing  steel  spanning  the  crack  was  strained  to  an 
average  of  1730  micro  inches/inch  tension.  The  maximum  strain 
recorded  at  one  gage  point  was  1900  micro  inches/inch. 

This  was  the  lowest  temperature  at  which  measurements 
were  made  on  the  gages  before  the  reinforcing  steel  spanning 
the  crack  strained  past  its  yield  point . 

Strain  Pattern  at  Gage  Points  Away  From  the  Crack 

Strain  history  at  gage  points  on  each  side  of  the 
instigated  crack  is  shown jn  Plates  2-7  to  2-10  inclusive. 

In  order  to  show  strain  distribution  along  the  re¬ 
inforcing  bar  away  from  the  crack,  strain  versus  L/D  curves 
were  plotted  (Plate  2-11)  . 

During  the  first  five  weeks  after  construction  when 
strain  in  the  steel  bars  at  the  crack  remained  in  the  low 
elastic  range,  strain  along  the  bar  decreased  at  a  diminishing 
rate  for  a  distance  of  about  30  inches  from  the  crack,  and 
then  began  to  increase  gradually.  When  the  reinforcing  steel 
spanning  the  crack  strained  past  the  yield  point,  strain  of 
1400  micro  inches/inch  was  measured  at  the  gage  point  16  bar 
diameters  from  the  crack  and  1260  micro  inches/inch  24  bar 
diameters  from  the  crack.  It  may  be  concluded  that  loss  of 
bond  at  the  instigated  crack  extended  to  a  point  about  27  bar 
diameters  from  the  crack. 

The  very  close  relationship  between  strain  in  the,  re¬ 
inforcing  steel,  crack  width,  and  average  slab  temperature  is 
shown  in  Plate  2-6 . 
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Curves  in  Plates  2-12,  2-13  and  2-14  show  that  definite 
relationship  existed  between  strain  in  reinforcing  steel  and 
crack  width,  temperature  and  crack  width,  temperature  and  strain, 
when  strain  in  the  reinforcing  steel  remained  within  elastic 
range . 

Extrapolation  of  steel  strain-rrack  width  curve, 
temperature-crack  width  curve  and  temperature-strain  curve 
indicated  that  the  reinforcing  steel  at  the  instigated  crack 
began  to  yield  at  a  slab  temperature  of  -10°F.,  and  the  crack 
opened  to  0.07  inches. 

Measurements  taken  113  and  133  days  after  construction 
indicate  that  after  the  reinforcing  steel  yielded  in  tension 
cracks  opened  to  0.107  and  0.115  inches  when  the  slab  tempera¬ 
ture  was  -2  and  -4°F.  respectively  (Plate  2-13). 

If  higher  yield  point  strain  reinforcing  steel  had 
been  used,  the  crack  would  not  have  opened  to  such  an  objection¬ 
able  width  but  perhaps  additional  cracks  would  have  developed . 

During  the  early  pavement  life,  constant  temperature 
cycling  prevented  the  formation  of  adhesive  bond,  and  only 
mechanical  bond  was  developed  at  the  extreme  limits  of  the 
differential  movement  between  the  concrete  and  the  deformations 
in  the  reinforcing  bar.  This  differential  movement  was  most 
significant  for  a  distance  of  about  27  inches  on  each  side  of 
the  crack,  and  decreased  at  a  diminishing  rate  as  the  distance 
from  the  crack  became  greater. 

This  behaviour  of  the  pavement  during  its  early  life 
had  a  significant  effect  on  future  strain  history  and  crack  width 
pattern  at  the  instigated  crack. 
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The  shape  of  the  strain-crack  width  curve  suggests 
that  when  the  reinforcing  steel  at  the  crack  was  in  the  low  to 
medium  elastic  range  *  the  width  of  the  crack  increased  in  pro¬ 
portion  to  the  strain  in  the  steel  at  a  rate  of  about  70  micro 
inches  of  crack  opening  per  every  micro  inch  of  strain  in  the 
reinforcing  steel.  In  the  high  elastic  range  *  the  width  of  the 
crack  increased  in  proportion  to  strain  but  at  a  greatly  reduced 
rate  (Plate  2-12). 

With  the  approach  of  a  cooling  cycle  when  temperature 
dropped  below  50°F.  the  width  of  the  instigated  crack  increased 
in  proportion  to  drop  in  temperature  (Plate  2-13)  . 

Conclusions 

The  data  seem  to  indicate  that  the  reinforcing  steel 

at  the  instigated  crack  began  to  yield  when  slab  temperature 

o 

dropped  to  about  -10  F.  Measurements  taken  on  November  27th* 

1958  show  that  yield  point  strain  of  the  steel  had  been  reached 
at  least  at  some  of  the  gage  locations  when  the  slab  temperature 
was  -3°F.  and  the  crack  opened  to  0.0685  inches. 

After  the  reinforcing  bars  spanning  the  crack  yielded 
in  tension,  the  width  of  the  instigated  crack  exceeded  0.12  inches. 

Temperature  records  at  the  Calgary  airport  indicate 
that  the  lowest  temperature  recorded  for  the  winter  season  was 
-25°F.  Assuming  no  yielding  of  the  reinforcing  steel,  it  is 
probable  that  at  this  extreme  low  in  temperature,  the  crack 
would  have  opened  to  0.088  inches. 

The  loss  of  bond  between  the  reinforcing  bars  and  the 
concrete  extended  to  a  point  about  27  bar  diameters  from  the 
crack.  This  comparatively  large  loss  of  bond  had  an  adverse 
effect  on  the  width  of  the  crack  opening. 
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(c)  Comparison  of  Results  at  Location  I  and  Location  II 

Concrete  was  placed  at  the  gaged  panel*  Location  I* 
on  September  30*  1958  and  at  gaged  panel*  Location  II*  on 
October  1st  of  the  same  year.  After  the  first  set  of  readings 
was  taken  at  Location  II*  all  the  subsequent  measurements  at 
the  two  locations  were  taken  about  one-half  hour  apart . 

During  the  first  six  weeks  after  construction  close 
relationship  existed,  between  strain  in  the  reinforcing  steel 
and  the  crack  width  at  the  two  locations  .  Reinforcing  steel 
at  Location  II  was  subjected  to  somewhat  larger  strains  than 
at  Location  I.  Strains  of  820  and  910  micro  inches/inch  were 
measured  at  Locations  I  and  II  when  the  pavement  was  44  days 
old.  Average  crack  width  at  both  locations  was  0.03  inches 
when  the  above  strain  measurements  were  taken. 

The  effect  of  sub-freezing  temperature  was  more  pro¬ 
nounced  at  Location  II.  Measurements  taken  58  days  after  con¬ 
struction*  when  slab  temperature  was  about  0°F.*  indicated  that 
the  reinforcing  steel  at  the  crack  was  strained  to  1650  micro 
inches/inch  at  Location  I  and  1900  micro  inches/inch  at  Loca¬ 
tion  II*  and  the  instigated  crack  opened  to  0.049  inches  and 
0.064  inches  at  the  two  respective  locations. 

Examination  of  strain  transfer  distribution  curves 
(Plates  1-8  and  2-11)  reveals  that  loss  of  bond  at  Location  II 
extended  much  further  from  the  crack  than  at  Location  I.  Greater 
loss  of  bond  combined  with  larger  strains  in  the  reinforcing 
steel  account  for  the  wider  crack  opening  at  Location  II. 
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2.  Section  Type  B7-1 

Concrete  pavement  Type  B7-1,  2645  feet  in  length, 
consists  of  a  7  inch  slab  reinforced  with  No.  8  intermediate 
grade  deformed  steel  bars  comprising  a  0,706%  cross-section 
area  of  the  pavement  (Plate  4)  . 

The  test  section  was  located  at  station  334+00  approx¬ 
imately  4,072  feet  from  the  expansion  dam,  constructed  at  the 
west  end  of  the  pavement  (Plate  6)  . 

Concrete  at  the  test  section  referred  to  from  here  on 
as  Location  III  was  poured  on  October  6,  1958  about  4.00  p  .m . 

The  first  strain  gage  readings  were  taken  immediately  after  the 
finishing  operation.  These  readings  served  as  the  basis  for 
all  subsequent  strain  measurements.  Out  of  24  strain  gages, 
gages  1,  2,  and  24  could  not  be  connected  to  the  terminal  box. 
(For  gage  positions  see  Plate  3-14.) 

Curves  in  Plates  3-1  to  3-6  inclusive  represent  the 
strain  history  at  the  induced  crack.  Curves  in  Plates  3-1  to  3-4 
represent  the  strain  history  for  the  individual  gage  points  . 
Curves  for  the  individual  gage  points  have  been  superimposed 
in  Plates  3-5  and  3-6  in  an  attempt  to  determine  the  strain 
pattern  along  the  transverse  crack.  Curves  in  Plates  3-7  to 
3-9  inclusive  represent  the  strain  history  at  gage  points  away 
from  the  crack . 

During  the  first  two  weeks  after  construction,  the  re¬ 
inforcing  steel  in  the  south  lane  was  subjected  to  considerably 
larger  strains  than  in  the  north  lane  (Plate  3-7)  • 


. 


.. 


A  good  relationship  between  strain  in  the  reinforcing 
steel,  crack  width,  and  average  slab  temperature  is  shown  in 
Plate  3-6. 

Some  trends  became  apparent  when  concrete  was  several 
days  old.  Curves  in  Plates  3-10,  3-H  and  3-12  suggest  that 
definite  relationships  existed  between  the  strain  in  the  steel 
and  crack  width,  temperature  and  crack  width,  temperature  and 
strain,  as  long  as  the  reinforcing  steel  spanning  the  crack 
remained  in  the  elastic  range . 

By  extrapolation  of  temperature-strain  curve  and 
strain-crack  width  curve,  combined  with  a  knowledge  of  rein¬ 
forcing  steel  characteristics  (Plate  9)*  it  may  be  shown  that 
the  reinforcing  steel  began  to  yield  at  the  instigated  crack 
at  a  slab  temperature  of  about  -15°F.,  and  the  crack  probably 
opened  up  to  0.038  inches.  Extrapolation  of  temperature-crack 
width  curve  reveals  that  at  -15°F.  the  crack  would  open  to 
0.036  inches.  It  may  also  be  shown  that  if  the  reinforcing 
steel,  having  higher  yield  point  strain  had  been  used,  no  yield¬ 
ing  would  have  taken  place  at  the  cracks.  As  a  result,  addition¬ 
al  cracks  would  have  probably  formed  at  very  low  temperatures 
and  the  existing  cracks  would  not  have  opened  to  objectionable 
widths  . 

During  December  of  1958,  measurements  were  made  at  a 
slab  temperature  of  6°F.  when  the  pavement  was  60  days  old. 

These  measurements  indicated  that  the  strain  in  the  reinforcing 
steel  at  the  crack  reached  1,350  micro  inches/inch  and  that  the 
crack  opened  to  0.03  inches. 

This  was  the  lowest  temperature  at  which  measurements 
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were  made  on  the  gages  before  the  reinforcing  bars  yielded  in 
tension.  It  may  be  pointed  out  that  a  temperature  of  -13°F. 
was  recorded  at  the  Calgary  airport  on  November  26,  1958  before 
the  60-da.y  readings  were  taken.  It  is  possible  that  the  strain 
in  the  reinforcing  steel  approached  the  yield  point  at  that 
temperature . 

Measurements  that  were  made  on  January  22  of  1959 
when  the  pavement  was  108  days  old,  revealed  that  the  crack 
opened  to  0.036  inches,  the  reinforcing  bars  at  the  crack  were 
strained  to  about  7*000  micro  inches/inch  in  tension,  or  well 
beyond  the  yield  point,  and  the  slab  temperature  was  -1.5°F. 

Temperature  records  at  the  Calgary  airport  indicate 
that  during  the  second  week  of  December,  1958  and  the  first 
week  of  January,  1959  a  low  of  -12°F.  and  -25°F.  respectively 
was  recorded . 

It  is  believed  that  during  the  time  when  the  pavement 
was  subjected  to  these  low  temperatures,  reinforcing  bars  span¬ 
ning  the  crack  strained  past  the  yield  point  and  the  cracks 
opened  much  wider. 

Strain  measurements  at  the  gage  points  away  from  the 
plane  of  weakness  indicated  that  the  loss  of  bond  between  the 
concrete  and  the  steel  extended  to  a  point  about  24  bar  diameters, 
or  in  this  case  24  inches  from  the  crack  (Plate  3-13)  . 

During  the  first  few  days  of  pavement  life,  shrinkage 
crack  formed  in  the  vicinity  of  the  plane  of  weakness  (Plate 
3-14)  .  Strain  data  indicate  that  the  shrinkage  crack  developed 
before  the  pavement  cracked  at  the  plane  of  weakness  .  It  is 

quite  possible  that  this  shrinkage  crack  formed  before  the 
plane  of  weakness  was  induced  .  It  must  be  pointed  out  that 
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on  numerous  occasions  the  plane  of  weakness  was  induced  after 
the  concrete  was  3  to  5  days  old. 

The  shrinkage  crack  in  the  vicinity  of  the  plane  of 
weakness  prevented  the  opening  of  the  instigated  crack  to 
objectionable  width . 

Since  the  formation  of  the  potential  bond  between  the 
concrete  and  the  steel  was  prevented  by  the  application  of 
plastic  tape  over  all  the  bars  for  a  distance  of  about  6  inches 
along  the  plane  of  weakness,  it  is  believed  that  the  crack  at 
the  plane  weakness  opened  wider  than  the  shrinkage  crack  for  a 
given  drop  in  temperature. 

It  may  be  observed  in  Plate  3-5  that  one  of  the  pre¬ 
pared  bars  was  not  subjected  to  post  yield  straining.  The  forma¬ 
tion  of  the  two  closely  spaced  cracks  in  the  test  section  brought 
about  a  loss  of  bond  between  the  gage  points  15-16  and  17-18,  and 
some  distance  beyond;  as  a  result  strain  in  that  bar  distributed 
over  a  relatively  long  length  preventing  eventual  yielding  at 
low  temperatures . 

The  shape  of  the  strain-crack  width  curve  shown  in 
Plate  3-10  seems  to  indicate  that  the  width  of  the  crack  at  the 
plane  of  weakness  increased  at  an  increasing  rate  until  a  certain 
strain  in  the  reinforcing  steel  was  reached,  after  which  the 
width  of  the  crack  increased  in  proportion  to  strain  increase. 
Similarly,  temperature-crack  width  curve  shown  in  Plate  3-11 
indicates  that  the  width  of  the  crack  increased  at  a  decreasing 
rate  during  the  early  life  of  pavement  when  temperatures  were 
above  freezing.  When  the  slab  was  subjected  to  sub-freezing 
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temperatures,  the  crack  width  increased  in  proportion  with  the 
decrease  in  temperature . 

During  the  first  few  days  after  construction,  there 
seemed  to  be  very  little  relationship  between  the  magnitude  of 
the  strain  in  the  reinforcing  bars  at  the  plane  of  weakness  and 
the  slab  temperature,  even  though  the  reinforcing  steel  was  strain 
sensitive  to  the  changing  temperature.  This  action  continued 
until  the  seasonal  cooling  cycle  started,  the  lower  temperatures 
caused  an  increase  in  the  steel  strain  at  the  crack,  and  then  a 
reasonable  relationship  became  apparent  (Plate  3-12)  . 
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Conclusions 

(a)  Pavement  Behaviour  when  Reinforcing  Steel  at  the  Crack 
Remained  in  the  Elastic  Range 

Constant  temperature  cycling  during  the  first  few 
days  of  pavement  life  prevented  the  formation  of  adhesive  bond 
and  only  mechanical  bond  was  developed  at  the  extreme  limits  of 
the  differential  movement  between  the  concrete  and  the  deforma¬ 
tions  on  the  reinforcing  bar. 

With  the  advance  of  low  temperatures  and  continuing 
shrinkage,  the  crack  opened  beyond  the  range  of  free  movement 
and  all  of  the  strain  was  transferred  into  the  reinforcing  bar. 

Curves  in  Plates  3-11  and  3-12  indicate  that  the  crack 
width  and  the  strain  in  the  reinforcing  steel  at  the  instigated 
crack  increased  in  proportion  to  the  decrease  in  temperature  . 

The  upper  and  lower  boundary  shown  in  Plate  3-12  give  an  indi¬ 
cation  of  the  amplitude  of  the  relative  movement  during  the 
course  of  the  temperature  fluctuation. 

Curves  in  Plate  3-13  indicate  that  the  loss  of  bond 
extended  to  a  point  about  24  bar  diameters  from  the  crack. 

Strain-crack  width  curve  and  temperature  crack  width 
curve  are  quite  well  defined  by  points  which  represent  measure¬ 
ments  that  were  made  at  least  21  days  after  construction  when 
behaviour  of  the  pavement  was  well  established . 

Tension  yielding  took  place  in  three  out  of  four 
prepared  bars  at  the  instigated  crack  before  108  day  strain 
measurements  were  made.  It  is  believed  that  the  steel  spanning 
the  crack  yielded  in  tension  between  the  second  week  of  December 
of  1958  and  the  first  week  of  January,  1959*  during  which  period 

. 


lowest  temperatures  of  the  winter  season  were  recorded .  The 
lowest  temperature  recorded  at  the  Calgary  airport  was  -25°P . 
during  the  first  week  of  January,  1959* 

The  manner  in  which  the  reinforcing  bars  yielded  made 
it  very  difficult,  if  not  impossible,  to  determine  the  average 
strain  once  the  yield  point  had  been  reached  .  Due  to  reduction 
in  cross-section  area  of  the  bar  at  the  gage  location,  yielding 
was  localized  at  the  gage  points  . 

Strain  history  in  the  reinforcing  bars  and  the  crack 
width  pattern  at  the  instigated  crack  do  not  truly  represent  the 
conditions  at  the  cracks  spaced  7  to  10  feet  apart  due  to  the 
fact  that  an  additional  crack  formed  in  the  vicinity  of  the 
plane  of  weakness . 

The  marked  influence  exerted  by  the  shrinkage  crack 
on  the  strain  history  and  the  crack  width  pattern  at  the  insti¬ 
gated  crack  leads  to  the  belief  that  in  the  absence  of  this 
crack,  the  instigated  crack  would  have  opened  much  wider  and  the 
reinforcing  steel  would  have  been  subjected  to  higher  strains, 
thus  giving  better  representation  of  the  conditions  that  existed 
at  the  cracks  spaced  from  7  to  10  feet  apart . 

(b)  Pavement  Behaviour  After  the  Reinforcing  Steel  Yielded 
in  Tension 

When  the  pavement  was  subjected  to  extreme  sub-zero 
temperatures  reinforcing  steel  at  the  cracks  yielded  in  tension 
and  cracks  opened  to  objectionable  widths . 

A  simple  calculation  will  reveal  that  the  potential 
tensile  force  that  may  be  developed  in  the  concrete  slab  is 
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much  higher  than  that  which  may  be  developed  in  reinforcing 
steel  at  the  yield  point  strain.  For  this  reason  instead  of 
additional  cracks  being  formed  *  the  steel  yielded  at  existing 
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3  .  Section  Type  B6-1 

The  reinforced  concrete  pavement  Type  B6-1,  1,972  feet 
in  length,  consists  of  a  six  inch  slab  continuously  reinforced 
with  No.  6  intermediate  grade  deformed  steel  bars  comprising  a 
0.715$  cross-section  area  of  the  pavement  (Plate  4). 

Prepared  bars  were  placed  at  four  cross-sections  in 
this  test  strip.  Full  consideration  was  given  in  selection  of 
a  suitable  location  for  gage  installations  .  For  the  purpose  of 
comparison.  Locations  IV  and  V  were  selected  on  the  test  strip 
where  there  was  a  cut  of  one  foot  while  Locations  VI  and  VII 
were  selected  to  be  on  a  fill  of  six  feet .  The  plan  and  the 
profile  of  the  test  road  are  shown  in  Plate  6. 

(a)  Location  IV 

Concrete  was  placed  in  the  test  section  at  8  a.m.  on 
October  15,  1958-  First  set  of  readings  was  taken  three  hours 
after  the  finishing  operation. 

The  strain  history  in  the  reinforcing  steel  at  the 
plane  of  weakness  is  shown  in  Plate  4-1  and  4-2.  Strain  history 
at  gage  points  on  each  side  of  the  plane  of  weakness  is  shown  in 
Plates  4-3  and  4-4.  The  diagram  in  Plate  4-5  shows  the  position 
of  gages  in  the  test  section,  and  also  the  location  of  the  shrink¬ 
age  crack  which  developed  before  the  plane  of  weakness  was  in¬ 
duced  . 

The  presence  of  the  shrinkage  crack  coupled  with  a 
probable  bending  action  explains  the  strange  strain  pattern  in 
the  reinforcing  steel  at  the  plane  of  weakness  and  at  gage  points 
on  each  side,  (Plates  4-1  to  4-4) . 
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The  crack  width  measurements  indicate  that  the  slab 
did  not  crack  at  the  plane  of  weakness.  Therefore,  strain 
measurements  at  gage  points  located  at  the  plane  of  weakness  do 
not  truly  represent  the  strain  condition  in  the  reinforcing 
steel  at  the  crack  but  at  some  distance  from  it . 

Strain  measurements  indicate  that  the  reinforcing 
steel  at  the  crack  began  to  yield  in  the  south  lane  before  the 
pavement  was  51  days  old .  It  is  probable  that  the  reinforcing 
bars  started  to  yield  4l  days  after  construction  when  a  low  of 
-13°F.  was  recorded  at  the  Calgary  airport. 

It  should  be  pointed  out  that  the  crack  width  measure¬ 
ment  taken  on  February  10,  1959  showed  that  the  crack  had  opened 
to  0.0445  inches  at  the  north  edge  of  the  pavement  when  the  slab 
temperature  was  -3°F .  The  crack  width  measurements  at  the  north 
edge  of  the  pavement  are  questionable  because  the  crack  passed 
through  one  of  the  gage  points  . 

Due  to  the  irregular  strain  pattern  in  the  reinforcing 
steel  at  the  plane  of  weakness,  and  due  to  the  uncertain  width 
of  the  shrinkage  crack,  no  relationship  between  strain  in  the 
reinforcing  steel,  crack  width  and  temperature,  could  be 
established . 

The  last  strain  and  temperature  measurements  were  made 
on  December  5,  1958-  Subsequent  to  this  date  water  entered  the 
terminal  box  preventing  further  measurements  . 
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(b)  Location  V 

The  pavement  was  placed  at  the  test  section  at  7  a.m. 
on  October  16,  1958  when  the  temperature  was  34°F .  Gage  read¬ 
ings  taken  about  two  hours  after  the  surface  finishing  operation 
provided  the  basis  for  all  subsequent  measurements . 

The  strain  history  in  the  reinforcing  steel  at  the 
instigated  crack  is  shown  in  Plate  5-1 •  The  strain  history  for 
gage  points  located  at  each  side  of  the  crack  is  shown  in  Plates 
5-2  to  5-5  inclusive  .  Diagram  in  Plate  5-8  shows  the  gage 
positions  and  the  location  of  the  shrinkage  crack. 

An  examination  of  the  strain-time  curves  in  Plate  5-1 
reveals  that  the  prepared  bars  in  the  north  lane  of  the  pavement 
were  subjected  to  considerably  larger  strains  at  the  plane  of 
weakness  than  in  the  south  lane . 

Measurements  taken  on  November  6,  1958  when  the  pave¬ 
ment  was  28  days  old  indicate  that  the  prepared  bars  at  the 
plane  of  weakness  were  strained  to  1,100  micro  inches/inch  in 
the  north  lane  of  the  pavement  and  700  micro  inches/inch  in  the 
south  lane  when  the  slab  temperature  was  30°P .  The  crack  at 
the  north  edge  of  the  pavement  opened  to  0.021  inches. 

This  was  the  lowest  temperature  at  which  readings 
were  made  on  the  gages  before  the  prepared  bars  yielded  in 
tension.  Measurements  were  made  on  December  5*  1958  when  the 
pavement  was  50  days  old  and  the  slab  temperature  was  5°F .  The 
crack  width  at  the  north  edge  of  the  pavement  had  increased  to 
0.043  inches  and  the  reinforcing  bars  at  the  crack  were  strained 
to  9,000  micro  inches/inch,  or  far  beyond  the  yield  point. 
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Good  relationship  seems  to  have  existed  between 
strain  in  the  reinforcing  steel ,  crack  width  and  slab  tempera¬ 
ture  during  the  first  four  weeks  of  pavement  life.  However, 
insufficient  data  are  available  at  this  location  to  establish 
definite  trends. 

Curves  in  Plates  5-2  and  5-3  indicate  compression  in 
the  reinforcing  bars  at  gage  points  1-2,  7-8  and  11-12.  Com¬ 
pressive  strains  at  these  gage  points  seem  to  increase  with  a 
decrease  in  temperature.  No  explanation  for  this  unusual  strain 
pattern  at  these  gage  points  is  available  at  the  present  time  . 

An  examination  of  curves  in  Plates  5-^  and  5-5  reveals 
that  almost  identical  strain  pattern  existed  in  the  reinforcing 
steel  at  gage  points  away  from  the  plane  of  weakness  in  the  north 
lane  . 

Conclusions 

Reinforcing  bars  yielded  at  the  crack  when  concrete 
pavement  was  between  28  and  50  days  old .  Sufficient  data  are 
unavailable  to  determine  the  approximate  temperature  range  at 
which  yielding  started  . 

Considering  the  strain  history  in  the  reinforcing  steel 
for  the  first  four  weeks  of  pavement  life,  yielding  probably 
started  in  the  steel  embedded  in  the  north  lane  of  the  pavement . 

Due  to  unusual  strain  behaviour  at  gage  points  at  each 
side  of  the  plane  of  weakness,  it  is  not  possible  to  determine 
the  length  over  which  the  loss  of  bond  extended  . 
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(c)  Location  VI 

The  pavement  was  poured  at  the  test  section  at  8.00 
a.m.  on  October  16  of  1958-  The  initial  readings  were  taken 
3  hours  after  the  finishing  operations  when  the  slab  tempera¬ 
ture  was  53°F. 

The  strain  history  in  the  reinforcing  bars  at  the 
instigated  crack  is  shown  in  Plates  6-1  and  6-2,  and  at  the 
gage  points  at  each  side  of  the  plane  of  weakness  in  Plates 
6-3  to  6-6  inclusive  .  The  diagram  in  Plate  6-8  shows  the 
position  of  the  strain  gages  and  the  location  of  the  gage 
points  at  which  crack  measurements  were  taken.  Curves  in 
Plate  6-7  show  strain  variation  in  the  reinforcing  steel  at 
the  instigated  crack  and  the  variation  in  the  crack  width. 

The  behaviour  of  the  pavement  during  the  first  few 
days  after  pouring  provided  very  interesting  information. 
However,  the  most  significant  feature  of  the  early  behaviour 
did  not  become  apparent  for  some  weeks  . 

Curves  in  Plates  6-1  and  6-2  show  that  close  relation¬ 
ship  existed  between  strain  in  the  reinforcing  steel  and  the 
slab  temperature . 

Measurements  taken  four  days  after  concrete  was  placed 
in  the  test  section  indicate  that  the  slab  cracked  along  the 
plane  of  weakness.  The  crack  opened  to  0.0025  inches  and  strain 
in  the  prepared  bars  reached  210  micro  inches/inch  tension,  at 
the  slab  temperature  of  49°F . 

Measurements  taken  5*  8  and  8  days  after  construction 
when  the  slab  temperature  dropped  to  40°F .  indicate  that  the 


pavement  was  subjected  to  bending  action  in  the  horizontal 
plane  (Plate  6-1)  .  Strain  and  crack  width  measurements  taken 
on  November  27  when  the  pavement  was  42  days  old,  tend  to 
verify  the  "bending  action"  at  the  instigated  crack. 

The  curves  in  Plate  6-7  show  that  for  a  given  slab 
temperature  the  width  of  the  instigated  crack  .decreased  in  pro¬ 
portion  to  the  distance  from  the  south  edge  of  the  pavement. 
Similarly,  strain  in  the  prepared  bars  decreased  linearly  from 
south  to  north. 

Further  examination  of  strain  curves  in  Plate  6-7 
reveals  that  the  reinforcing  bars  closest  to  the  south  edge 
of  the  pavement  started  to  yield  before  42  days  measurements 
were  taken.  The  reinforcing  bars  closest  to  the  south  edge 
probably  started  to  yield  in  tension  on  November  26,  or  4l 
days  after  construction,  when  a  low  of  -13°F.  was  recorded  at 
the  Calgary  airport . 

Considering  the  previous  strain  pattern,  it  is  probable 
that  progressive  yielding  of  the  reinforcing  steel  took  place 
with  an  additional  drop  in  temperature  until  all  the  bars 
spanning  the  crack  yielded  in  tension. 

Examination  of  strain  history  at  gage  points  at  each 
side  of  the  crack  reveals  that  loss  of  bond  extended  to  all 
gage  points  west  of  the  crack. 

The  strain  in  the  prepared  bars  and  the  crack  width 
pattern  seem  to  indicate  that  the  horizontal  curve  tends  to 
straighten  out  as  the  pavement  contracts  due  to  shrinkage  and 
the  temperature  drop.  With  this  in  mind,  it  appears  that  more 
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reinforcement  is  required  at  the  intrados  lane  of  the  curve . 

No  other  trends  can  be  established  at  this  location 
because  of  the  very  limited  data  available  .  The  last  measure¬ 
ments  at  this  location  were  taken  on  November  29*  1958  when  the 
pavement  was  only  6  weeks  old.  Subsequent  to  this  date,  water 
entered  the  terminal  box  preventing  further  measurements  . 
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(d)  Location  VII 

The  pavement  was  poured  at  the  test  section  at  9. 00 
a .m .  on  October  16 ,  1958  when  the  temperature  was  50°F .  Initial 
readings  were  taken  3  hours  after  the  finishing  operation  when 
the  average  slab  temperature  was  60°F.  The  crack  was  formed 
at  the  induced  plane  of  weakness  before  the  pavement  was  4 
days  old . 

The  strain  history  in  the  reinforcing  steel  at  the 
instigated  crack  is  shown  in  Plates  7-1  and  7-2.  The  strain 
history  at  the  gage  points  away  from  the  induced  plane  of 
weakness  is  shown  in  Plates  7-3  to  7-8  inclusive. 

The  very  close  relationship  between  the  strain  in  the 
reinforcing  steely  crack  width  and  slab  temperature  is  shown 
in  Plate  7-2. 

Measurements  were  made  when  the  pavement  was  20  days 
old  and  the  slab  temperature  was  26°P.  The  crack  opened  to 
0.026  inches  and  the  gaged  bars  at  the  crack  were  strained  to 
ll60  micro  inches/inch  in  tension. 

This  was  the  lowest  temperature  at  which  readings 
were  made  on  the  gages  before  the  reinforcing  steel  spanning 
the  crack  yielded  in  tension. 

Some  definite  trends  became  apparent  at  this  location 
after  a  relatively  short  period  of  time.  Curve  in  Plate  7-8 
indicates  that  the  width  of  the  crack  increased  in  proportion 
with  the  strain  in  the  reinforcing  steel .  Linear  relationship 
appears  to  have  existed  between  the  slab  temperature  and  the 
width  of  the  crack  and  between  the  slab  temperature  and  the 
strain  in  the  reinforcing  steel  at  the  instigated  crack.  It 
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must  be  pointed  out  that  these  relationships  are  valid  when 
strain  in  the  reinforcing  bars  remained  within  the.  elastic 
range  of  the  steel.  When  the  strain  remained  within  the 
elastic  range  of  the  reinforcing  steel,  loss  of  bond  between 
the  concrete  and  the  steel  extended  to  a  point  24  bar  diameters 
or  18  inches  from  the  crack.  After  the  reinforcing  bars 
yielded  in  tension,  loss  of  bond  extended  beyond  the  gage 
point  2' 9"  from  the  crack  (Plate  7-7)  • 

By  extrapolation  of  the  temperature-strain  and  crack 
width-strain  curves  using  the  yield  point  strain  of  the  re¬ 
inforcing  steel  of  1900  micro  inches/inch,  it  may  be  shown 
that  the  reinforcing  bars  started  to  yield  at  a  slab  tempera¬ 
ture  of  6°F.  (Plate  7-10),  and  the  width  of  the  crack  reached 
0.047  inches  (Plate  7-8).  It  may  be  noticed  that  this  value 
of  the  crack  width  fits  very  well  the  temperature-crack  width 
curve  (Plate  7-9) • 

The  pavement  behaviour  at  the  crack  at  this  location 
suggest  that  if  a  reinforcing  steel  having  a  yield  point  strain 
of  3100  micro  inches/inch  had  been  used,  no  yielding  would  have 
taken  place  in  the  reinforcing  bars  at  the  crack  at  a  slab 
temperature  of  -25°F.  and  the  instigated  crack  would  have 
opened  to  0.074  inches  at  this  extreme  low  in  temperature. 

It  may  be  observed  in  Plate  7-9  that  after  the  re¬ 
inforcing  bars  strained  past  the  yield  point  strain  of  the  steel, 
the  crack  at  the  induced  plane  of  weakness  opened  to  0.123  inches 
when  the  slab  temperature  was  -6°F. 

Crack  width  measurements  taken  on  February  10  and 

o 

March  7  of  1959  when  the  slab  temperature  was  -6°F .  and  35  F. 
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respectively ,  indicate  that  the  width  of  the  crack  at  the 
induced  plane  of  weakness  was  much  wider  at  the  south  edge 
of  the  pavement  and  decreased  linearly  from  south  to  north 
indicating  bending  in  the  horizontal  plane.  See  data  on 
Page  26 L 
CONCLUSIONS 

The  sub-freezing  temperatures  had  noticeable  effects 
on  the  pavement  behaviour.  The  tension  strains  in  the  prepared 
bars  increased  appreciably  and  the  crack  at  the  induced  plane 
of  weakness  opened  wider,  resulting  in  more  uniform  strains 
in  the  reinforcing  steel  at  the  crack. 

After  all  the  reinforcing  bars  yielded  in  tension 
and  the  strain  equilibrium  was  established  at  the  crack,  bend¬ 
ing  action  became  noticeable. 

Three  out  of  the  four  prepared  bars  yielded  in  tension 
before  the  pavement  was  50  days  old  .  Considering  the  tempera¬ 
ture-strain  relationship,  it  is  probable  that  the  reinforcing 
steel  started  to  yield  31  days  after  construction  when  a  low 
of  -5°P .  was  recorded  for  the  first  time  at  the  Calgary  airport. 

Th&  lowest  temperature  of  the  winter  season  was 
recorded  at  the  Calgary  airport  during  the  first  week  of 
January  1959  when  the  temperature  dropped  to  -25°P .  Measure¬ 
ments  made  on  January  22,  1959  indicate  that  the  reinforcing 
bars  were  strained  in  tension  past  the  range  of  the  "SR-4n 
bakelite  type  strain  gage . 

Loss  of  bond  between  the  concrete  and  the  re-inforcing 
steel  extended  to  a  point  about  24  bar  diameters  from  the 
instigated  crack  when  strain  in  the  reinforcing  steel  was  in 
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the  elastic  range.  After  the  reinforcing  steel  yielded  in 
tension,  loss  of  bond  extended  beyond  a  point  44  bar  diameters 
from  the  crack . 

(e)  Comparison  of  Pavement  Behaviour  at  Locations  IV  to  VII 
in  Section  Type  B6-1 

During  the  first  two  weeks  of  the  pavement  life, 
similar  behaviour  was  observed  at  all  four  locations  .  Strains 
of  850  to  900  micro  inches/inch  tension  were  measured  in  the 
gaged  bars  at  each  location  during  this  time  .  Bending  in  the 
horizontal  plane  became  apparent  at  each  location  to  a  varying 
degree  immediately  after  the  shrinkage  cracks  formed  at  or  in 
the  vicinity  of  the  plane  of  weakness  .  Data  indicate  that 
bending  action  was  most  significant  at  Locations  IV  and  VI. 

The  development  of  shrinkage  crack  close  to  the  plane 
of  weakness  at  Locations  IV  and  V  occurred  very  likely  before 
the  plane  of  weakness  was  induced  .  It  may  be  observed  from  the 
diagrams  in  Plates  4-5  and  5-5  that  the  shrinkage  crack  at  both 
locations  formed  outside  the  steel  gage  points  or  passed  through 
one  of  the  gage  points; as  a  result  the  width  of  the  crack  at 
Locations  IV  and  V  could  not  be  measured  accurately. 

It  seems  that  the  most  significant  feature  of  the 
early  pavement  behaviour  at  Locations  IV  and  VI  was  bending 
in  the  horizontal  plane.  No  other  trends  seem  to  be  apparent 
at  this  time. 

Some  definite  trends  become  apparent  in  the  pavement 
at  Location  VII  during  its  early  life.  Reasonably  good  re¬ 
lationship  existed  between  strain  in  the  reinforcing  steel, 
slab  temperature  and  crack  width.  After  the  reinforcing  steel 
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spanning  the  crack  yielded  in  tension,  crack  width  measure¬ 
ments  at  Location  VII  tend  to  indicate  bending  in  the  hori¬ 
zontal  plane  . 

In  view  of  the  fact  that  measurements  in  the  test 
sections  in  pavement  type  B6-1  were  taken  over  very  short 
lengths  of  time,  great  caution  is  suggested  in  drawing  any 
conclusions  as  to  the  future  pavement  behaviour  in  this 
section . 

Considering  the  strain  history  in  the  reinforcing 
steel,  crack  width,  spacing  of  cracks  and  loss  of  bond  between 
concrete  and  the  steel,  it  seems  reasonable  to  assume  that  the 
worst  conditions  were  encountered  at  Location  VII,  and  any 
comparisons  that  are  made  between  different  section  types 
should  be  made  with  this  location  In  mind  . 
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The  continuously  reinforced  concrete  pavement.  Type 
B6-2,  2204.5  feet  in  length,  consists  of  a  six  inch  slab  re¬ 
inforced  with  No.  6  intermediate  grade  deformed  bars  comprising 
a  0.815$  cross-section  area  of  the  pavement.  (For  full  details 
see  Plate  4.) 

Prepared  bars  were  placed  at  two  cross-sections  in 
this  test  strip.  The  test  sections  located  at  stations  294+00 
and  289+50  are  referred  to  from  here  on  as  Location  VIII  and 
Location  IX  respectively.  The  test  section  at  Location  VIII 
was  constructed  on  a  25  foot  "fill 11  and  at  Location  IX  in  a 
2  foot  "cut " . 

(a.)  Location  VIII 

The  pavement  was  poured  at  the  test  section  at  7  a.m. 
on  October  20,  1958  when  the  air  temperature  was  at  30°F.  The 
first  set  of  readings  was  taken  two  hours  after  the  finishing 
operation  when  the  air  temperature  was  at  32  .5°P  •  and  the  slab 
temperature  was  at  47°F.  The  crack  developed  at  the  induced 
plane  of  weakness  when  the  pavement  was  between  three  and  five 
days  old  . 

The  strain  history  in  the  reinforcing  steel  at  the 
instigated  crack  is  shown  in  Plates  8-1  and  8-2 .  Curves  in 
Plates  8-3  and  8-6  represent  the  strain  record  in  the  reinforc¬ 
ing  bars  at  the  gage  points  on  each  side  of  the  plane  of  weakness . 

The  diagram  in  Plate  8-12  shows  the  position  of  the 
strain  gages,  steel  gage  points,  temperature  gages  and  the 
location  of  the  two  cracks  which  developed  before  the  pavement 
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was  46  days  old.  A  crack  survey  taken  on  March  7*  1959* 

when  the  pavement  was  136.  days  old,  indicates  that  an  additional 

crack  developed  two  feet  east  of  the  plane  of  weakness . 

The  very  close  relationship  between  the  strain  in  the 
reinforcing  steel,  crack  width  and  slab  temperature  is  shown 
in  Plates  8-1,  8-2  and  8-8. 

Measurements  taken  during  the  first  two  weeks  after 
construction  when  the  slab  temperature  varied  between  40  and 
50°F .  indicate  that  the  reinforcing  steel  at  the  crack  was 
strained  to  600  micro  inches/inch  in  tension  and  the  crack 
opened  to  0.01  inches. 

Measurements  taken  16  days  after  construction,  when 
the  slab  temperature  was  l8°F,  show  that  the  strain  in  the 
reinforcing  bars  reached  1,200  micro  inches/inch  in  tension 
and  the  width  of  the  crack  increased  to  0.228  inches.  This 
was  the  lowest  temperature  at  which  the  readings  were  made  on 
the  gages  before  the  reinforcing  steel  at  the  crack  yielded  in 
tension . 

Measurements  made  on  November  27  and  28,  1958  when 
the  pavement  was  38  to  39  days  old  and  the  slab  temperature 

i 

varied  between  zero  and  27°F . ,  indicate  that  the  prepared  bars 
at  the  crack  yielded  far  beyond  the  yield  point  strain  of  the 
steel.  Considering  the  previous  strain  history,  combined  with 
a  knowledge  of  the  reinforcing  steel  characteristics,  it  is 
probable  that  the  reinforcing  bars  yielded  in  tension  37  days 
after  construction  when  a  low  of  -13°F.  was  recorded  at  the 
Calgary  airport  for  the  first  time  . 
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The  strain  gages  at  the  instigated  crack  failed 
before  the  94  day  measurements  were  taken .  Temperature 
records  at  the  Calgary  airport  indicate  that  a  low  of  -25°F. 
was  recorded  during  the  first  week  of  January  1959-  It  is 
believed  that  the  reinforcing  steel  at  the  crack  strained 
past  the  range  of  the  nSR-4n  bakelite  gages  at  this  extreme 
low  in  temperature,  resulting  in  the  eventual  failure  of 
these  gages  . 

When  the  strain  in  the  reinforcing  bars  spanning 
the  crack  remained  in  the  elastic  range,  loss  of  bond  between 
the  concrete  and  the  steel  extended  to  a  point  1 6  bar  diameters 
or  12  inches  from  the  crack.  After  the  reinforcing  bars 
yielded  beyond  the  range  of  "SR-4i!  strain  gages,  the  loss  of 
bond  extended  to  a  point  32  bar  diameters  or  24  inches  from 
the  crack . 

By  extrapolation  of  temperature-strain  and  crack 
width-strain  curves,  it  may  be  shown  that  the  prepared  bars 
started  to  yield  at  a  slab  temperature  of  -5°F.  and  the 
instigated  crack  opened  to  0.039  inches  (Plates  8-11  and  8-9). 
It  is  also  apparent  from  these  curves  that  if  a  reinforcing 
steel  having  a  yield  point  strain  of  about  2,700  micro  inches/ 
inch  had  been  used,  no  yielding  would  have  occurred  at  the 
cracks .  However,  more  new  cracks  would  have  probably  develop¬ 
ed  and  the  cracks  would  not  have  opened  to  such  objectionable 
widths  . 

It  may  be  observed  in  Plate  8-10  that  the  width  of 
the  crack  opened  to  0.07  inches  when  the  slab  temperature  was 
-5°F .  after  the  reinforcing  steel  spanning  the  crack  yielded 
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in  tension.  However*  it  is  believed  that  an  additional  crack 
developed  two  feet  east  of  the  plane  of  weakness  before  this 
measurement  was  taken . 

Conclusions 

The  strain  history  at  the  gage  points  on  each  side 
of  the  induced  plane  of  weakness  seems  to  indicate  that  during 
the  first  few  days  of  the  pavement  life  when  the  concrete  was 
weak  relative  movement  between  the  concrete  and  the  steel  took 
place  due  to  constant  temperature  cycling.  This  type  of  action 
prevented  the  formation  of  the  adhesive  bond  between  the  concrete 
and  the  steel  resulting  in  purely  mechanical  bond  development 
at  the  extreme  limits  of  the  differential  movement  between 
the  concrete  and  the  deformations  on  the  reinforcing  bar. 

The  formation  of  an  additional  crack  in  the  test 
section  when  the  slab  was  subjected  to  extremely  low  tempera¬ 
tures  prevented  the  instigated  crack  from  opening  much  wider. 
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(b)  Location  IX 

The  pavement  was  placed  at  the  test  section  at  11 
a.m.  on  October  20,  1958  when  the  air  temperature  was  50°F. 

The  first  set  of  readings  was  taken  two  hours  after  the  finish¬ 
ing  operation . 

Curves  in  Plates  9-1  and  9-2  show  the  strain  history 
in  the  reinforcing  steel  at  the  instigated  crack.  The  strain 
history  at  the  gage  points  at  each  side  of  the  plane  of  weakness 
is  shown  in  Plates  9-3  to  9-6  inclusive.  The  diagram  in  Plate 
9-10  shows  the  position  of  the  strain  gages,  crack  plugs, 
temperature  gages,  and  the  location  of  the  shrinkage  crack 
which  developed  in  the  south  lane  east  of  the  plane  of  weakness 
four  days  after  construction.  Strain  data  indicate  that  the 
shrinkage  crack  advanced  into  the  north  lane  to  the  point  shown 
in  Plate  9-10  before  the  46  day  readings  were  taken.  Subsequent 
measurements  tend  to  indicate  that  this  crack  advanced  to  the 
position  of  the  gage  point  13-14  but  not  any  further. 

During  the  first  two  days  after  construction  tempera¬ 
ture  fluctuations  had  only  minor  influence  on  the  strain  pattern 
of  the  reinforcing  steel  at  the  instigated  crack,  and  at  gage 
points  on  each  side  of  the  plane  of  weakness  (Plate  9-9) • 

Measurements  taken  five  days  after  construction  when 
the  slab  temperature  was  45°F  indicate  that  the  pavement  cracked 
at  the  induced  plane  of  weakness  and  another  crack  developed 
about  18  inches  east  of  the  plane  of  weakness  in  the  south  lane. 
These  cracks  developed  as  a  result  of  shrinkage  and  sudden  drop 
in  temperature  .  It  may  be  observed  in  Plates  9-1  to  9-4  that 
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the  presence  of  the  shrinkage  crack  east  of  the  plane  of  weak¬ 
ness  had  a  measurable  effect  on  the  future  strain  pattern  at 
gage  points  1-2,  3-4,  7-8,  9-10  and  13-14. 

After  the  pavement  was  subjected  to  extremely  low 
temperatures,  the  instigated  crack  became  wider  and  the  rein¬ 
forcing  bars  at  the  crack  were  strained  more  evenly. 

It  must  be  pointed  out  that  no  yielding  of  reinforcing 
bars  spanning  the  crack  took  place  even  at  very  low  temperatures . 

The  data  indicate  that  for  a  given  increase  in  strain 
in  the  reinforcing  steel  and  for  a  given  drop  in  the  slab  temper¬ 
ature,  the  width  of  the  instigated  crack  increased  at  a  decreas¬ 
ing  rate  (Plates  9-7  and  9-8)  •  Also,  for  a  given  drop  in 
temperature,  strain  in  the  reinforcing  bars  at  the  crack  in¬ 
creased  at  a  diminishing  rate . 

Temperature  records  at  the  Calgary  airport  indicate 
that  a  low  of  -25°F.  was  recorded  for  the  winter  season.  By 
extrapolation  of  the  temperature-strain  and  crack  width-strain 
curves,  it  may  be  shown  that  at  this  low  in  temperature,  re¬ 
inforcing  steel  at  the  crack  was  strained  to  1,900  micro  inches/ 
inch,  the  approximate  yielding  strain,  and  the  width  of  the 
crack  probably  opened  to  0.043  inches. 

In  order  to  explain  the  pavement  behaviour  at  this 
location  it  is  necessary  to  review  the  basic  theory  for  the 
continuously  reinforced  concrete  pavements . 

Temperature  contraction  of  short  pavement  slabs  is 
not  greatly  diminished  by  frictional  tension  stress,  but  long 
pavement  slabs  as  used  in  continuously  reinforced  concrete 
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pavements  actively  contract  and  expand  for  some  hundreds 
of  feet  near  each  end .  The  length  of  actively  moving  ends 
and  the  relative  movements  are  related  to  the  thermal  change, 
the  coefficient  of  friction,  and  the  modulus  of  elasticity 
of  the  pavement .  Movements  for  daily  temperature  changes 
extend  in  diminishing  amounts  to  a  distance  of  a  few  hundred 
feet  from  the  free  ends  until  a  point  of  zero  movement  is 
reached  .  The  length  of  the  actively  moving  end  extends  from 
the  free  end  of  the  continuously  reinforced  concrete  strip  to 
a  point  at  which  the  total  frictional  force  is  equal  to  the 
elastic  potential  force  of  the  reinforcing  steel (° ) .  This  is 
illustrated  in  Plate  10. 

The  length  of  the  central  portion  of  the  pavement 
extending  from  Y  to  Z  remains  constant,  while  the  length  of 
the  pavement  extending  from  A  to  Y  and  from  B  to  Z  changes 
in  length  due  to  movement  which  is  caused  by  shrinkage  and 
temperature  fluctuation  (Plate  10)  . 

The  fact  that  the  strain  in  the  reinforcing  steel 
remained  in  the  elastic  range  and  the  crack  did  not  open  to 
an  objectionable  width,  tends  to  indicate  that  the  length  of 
the  actively  moving  end  extended  from  the  expansion  dam  con¬ 
structed  at  the  east  end  of  the  continuously  reinforced 
concrete  strip  to  a  point  some  distance  beyond  the  test 


section  at  this  location. 
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Conclusions 

The  presence  of  the  shrinkage  crack,  a  short  distance 
east  of  the  plane  of  weakness,  had  measurable  effect  on  the  strain 
pattern  in  the  reinforcing  bars  located  in  the  south  lane  of  the 
pavement.  Moreover,  at  extremely  low  temperatures,  the  strain 
in  the  reinforcing  bars  across  the  instigated  crack  distributed 
itself  more  evenly  and  the  crack  east  of  the  induced  plane  of 
weakness  became  inactive . 

During  the  first  few  days  temperature  fluctuations 
had  only  minor  influence  on  the  strain  pattern  in  the  reinforc¬ 
ing  steel .  A  constant  temperature  cycling  when  the  concrete 
was  weak  prevented  formation  of  an  adhesive  bond  between  the 
concrete  and  the  reinforcing  bars,  and  only  mechanical  bond 
developed  at  the  extreme  limits  of  differential  movement 
between  the  concrete  and  the  deformations  on  the  reinforcing 
bar . 

There  is  some  evidence  which  leads  to  the  belief 
that  the  length  of  actively  moving  end  extended  some  distance 
west  of  the  test  section  at  Location  IX. 

The  apparent  differential  movement  between  the  concrete 
slab  and  the  base  during  the  cooling  cycle  prevented  the  cracks 
from  opening  up  to  objectionable  widths  and  the  reinforcing 
bars  at  the  crack  from  yielding  in  tension. 


145 


(c)  Comparison  of  Results  at  Test  Sections  in  Pavement  Type  B6-2 

During  the  first  twenty-four  days  after  construction 
when  the  slab  temperature  remained  above  20°F .  *  similar  pave¬ 
ment  behaviour  was  observed  at  the  two  test  sections  with  some 
minor  variations  in  strain  in  the  reinforcing  bars  and  width 
of  the  crack  opening.  The  reinforcing  bars  were  subjected  to 
higher  strains  at  the  crack  at  Location  VIII  and  the  induced 
crack  opened  wider  at  Location  IX.  Low  temperature  had  a  much 
different  effect  on  the  strain  pattern  and  the  crack  opening 
at  the  two  respective  locations  . 

With  the  approach  of  t’he  sub-zero  temperatures*  re¬ 
inforcing  steel  at  Location  VIII  yielded  in  tension  and  the 
crack  opened  to  an  objectionable  width  (  an  eighth  of  an  inch)  . 

At  Location  IX*  the  relative  slab  movement  which  accompanied 
the  temperature  drop  prevented  a  large  crack  opening*  and  the 
reinforcing  steel  from  straining  past  the  yield  point  . 

The  loss  of  bond  at  both  locations  extended  to  a 
point  about  1 6  bar  diameters  from  the  instigated  crack  at 
both  test  sections.  When  the  reinforcing  steel  strained  beyond 
the  yield  point,  the  loss  of  bond  at  Location  VIII  extended  to 
a  point  about  32  bar  diameters  from  the  instigated  crack. 
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B.  Reinforced  Concrete  Pavement  with  Joints  Spaced  at  30  Feet 

Section  Type  A-6 

The  reinforced  concrete  pavement  with  contraction 
joints  spaced  at  30  foot  intervals.  Type  A-6,  2,610  feet  in 
length  consists  of  a.  six-inch  slab  reinforced  in  longitudinal 
direction  with  No.  4  intermediate  grade  deformed  steel  bars, 
comprising  a  0.185$  of  the  cross-section  area  of  the  pavement 
(for  full  details  see  Plate  4) .  One  test  section  referred  to 
from  here  on  as  ’’Location  X”  was  located  at  station  262+50. 

The  pavement  was  poured  at  the  test  section  on 
October  28,  1958*  The  first  set  of  readings  was  taken  about 
three  hours  after  the  finishing  operation.  These  provided  the 
basis  for  all  subsequent  strain  calculations  . 

A  crack  at  the  induced  plane  of  weakness  developed 
before  the  pavement  was  three  days  old  .  Measurements  made 
3.2  days  after  construction  indicated  that  strain  in  the  rein¬ 
forcing  steel  reached  1,320  micro  inches/inch  and  the  width  of 
the  crack  opened  to  0.022  inches.  The  slab  temperature  at  the 
time  of  reading  was  45°F.  Measurements  were  made  7*3  days  after 
construction  when  the  slab  temperature  was  30°F .  The  strain 
in  the  reinforcing  steel  reached  1,900  micro  inches/inch  and 
the  width  of  the  instigated  crack  increased  to  0.048  inches. 
Measurements  taken  6  hours  later  when  the  slab  temperature 
dropped  to  28°F.  showed  a  considerable  decrease  in  strain  in  the 
reinforcing  steel  and  the  width  of  the  instigated  crack  indicat¬ 
ing  that  sufficient  force  was  developed  in  the  steel  to  cause 
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movement  of  the  slab.  Subsequent  measurements  tend  to  indicate 
that  width  of  the  crack  and  strain  in  the  reinforcing  steel 
increased  with  a  drop  in  temperature  until  a  sufficient  force 
was  developed  in  the  reinforcing  steel  at  the  crack  to  cause 
additional  slab  movement .  Plates  10-7  and  10-8  verify  this 
type  of  action. 

The  loss  of  bond  between  the  concrete  and  the  rein¬ 
forcing  bars  extended  to  a  point  between  24  and  30  bar  diameters 
on  each  side  of  the  crack  (Plates  10-3  to  10-6  inclusive)  .  Gages 
located  on  the  bars  at  a  distance  greater  than  two  feet  on  each 
side  of  the  crack  indicated  some  compression  when  the  strain  in 
the  reinforcing  steel  at  the  crack  remained  in  the  low  elastic 
range . 

Conclusions 

The  loss  of  bond  between  concrete  and  the  steel 
extended  to  a  point  about  24  bar  diameters  on  each  side  of  the 
instigated  crack. 

The  strain  in  the  reinforcing  bars  reached  the  yield 
point  range,  at  which  point  sufficient  force  was  developed  in 
the  steel  at  the  crack  to  cause  initial  movement,  closing  the 
crack.  Subsequent  to  this,  additional  movement  occurred  when¬ 
ever  the  reinforcing  steel  was  strained  into  high  elastic  range. 
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IX ■  GENERAL  OBSERVATIONS 

1.  The  first  cracks  developed  due  to  shrinkage. 

2.  Very  few  additional  cracks  developed  as  a  result  of 
extremely  low  temperatures . 

3.  The  average  crack  spacing  throughout  the  entire  continuously 
reinforced  pavement  as  of  March  7 *  1959  was  from  eight  to 
ten  feet . 

4.  At  extremely  low  temperatures,  cracks  at  some  locations 
opened  to  widths  exceeding  one-i-eighth  of  an  inch. 

5.  The  cracks  at  the  induced  planes  of  weakness  developed 
three  to  five  days  after  construction. 

6.  •  Results  presented  indicate  that  temperature  was  the  most 

damaging  influence  to  which  the  continuously  reinforced 
concrete  pavement  was  subjected. 

7.  The  concrete  pavement  was  subjected  to  extreme  temperature 
changes  during  its  early  life . 

8.  On  numerous  occasions  the  curing  compound  was  not  applied 
until  a  few  hours  after  the  finishing  operation.  If  concrete 
were  allowed  to  cure  until  it  gained  sufficient  strength 
before  being  subjected  to  extreme  temperature  changes,  a 
more  satisfactory  bond  would  have  formed  between  the  concrete 
and  the  reinforcing  steel,  resulting  in  a  more  ideal  crack 
pattern . 

9.  Reinforcing  steel  having  a  higher  yield  point  strain  should 
give  better  service. 

10.  It  appears  from  the  data  that  additional  reinforcement  is 
required  in  the  intrados  lane  of  the  curve.  This  additional1 
steel  should  be  carried  some  distance  along  the  tangent  of 


each  end  of  the  curve . 
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11.  The  reinforcing  steel  spanning  the  crack  yielded  in  tension 
due  to  temperature  drop  varying  from  50  to  75  degrees 
Fahrenheit  (See  Appendix  D) . 

12.  It  is  shown  in  Appendix  E  that  in  all  section  types  a  much 
higher  percentage  of  reinforcing  steel  is  required  to  cause 
temperature  cracking  of  the  pavement. 

13.  It  has  been  mentioned  previously  that  yielding  of  the  re¬ 
inforcement  caused  by  extremely  low  temperature  could  be 
prevented  by  using  a  steel  having  a  higher  yield  point. 

Or  alternatively,  yielding  could  be  prevented  if  more  re¬ 
inforcement  were  used.  No  relationship  exists  between 
strain  in  the  reinforcing  steel  and  the  steel  percentages. 
However,  there  is  an  indication  that  relationship  exists 
between  area  of  steel  used  and  the  strain  in  the  steel. 

(See  table  below  and  Patell.) 


ection 

ype 

Location 

%  Rein¬ 
forcement 

Area. 

Reinforcement 
in  In.2 

Strain  in 
in.  x  1CT6 
for  Temp . 
drop  of  80°F 

Strain  in^ 
in.  x  10“b 
for  Temp . 
drop  of  95°F 

7-2 

I 

.784 

15.8 

2000 

2360 

7-2 

II 

-=i- 

00 

• 

15.8 

1980 

2360 

7-1 

III 

.706 

14.2 

2400 

2880 

6-1 

VII 

.715 

12.3 

3100 

3700 

6-2 

VIII 

.815 

14.1 

2780 

3280 

The  trend  lines  of  Plate  11  indicate  that  pavement 
design  should  be  based  on  the  total  area  of  the  steel  if  yield¬ 
ing  of  the  steel  is  to  be  prevented  at  shrinkage  cracks.  The 
slab  thickness  does  not  affect  this  part  of  design. 
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It  is  seen  from  Plate  11  that  if  yielding  were  to  be 
prevented  for  a  temperature  drop  of  95°^ . ,  16 .8  square  inches 
of  steel  should  have  been  provided  in  each  section  type. 
Expressing  this  in  percent  of  the  cross-section  area  of  the 
pavement,  then  0.84$  steel  is  required  in  a  7  inch  slab  and 
0.98$  steel  is  required  in  a  6  inch  slab. 
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X.  SUMMARY  OF  CONCLUSIONS 


1.  Location  I  -  Section  Type  B7-2  (7  inch  slab,  0.y84$  Steel) 

The  loss  of  bond  between  the  reinforcing  bars  and  the 
concrete  extended  to  a  point  about  16  bar  diameters  from  the 
instigated  crack  when  the  strain  in  the  reinforcing  steel  was 
in  the  elastic  range  .  Additional  bond  loss  took  place  after 
the  reinforcing  bars  yielded  In  tension. 

Reinforcing  steel  yielded  in  tension  when  the  slab 
temperature  dropped  to  -20°F.  At  this  low  temperature  *  the 
width  of  the  instigated  crack  opened  to  l/l6th  of  an  inch. 

An  additional  drop  in  temperature  resulted  in  the  crack 
opening  to  about  l/8th  of  an  inch  and  the  reinforcing  bars 
spanning  the  crack  strained  to  8,000  micro  inches/inch. 

The  use  of  a  reinforcing  steel  having  a  yield  point 
strain  of  2,100  micro  inches/inch  would  have  prevented  yielding 
of  the  steel  bars  at  the  cracks.  As  a  result,  the  existing 
cracks  would  have  not  opened  to  such  objectionable  widths  but 
more  new  cracks  would  probably  have  developed  . 

Linear  relationships  existed  within  the  elastic  range 
of  steel  between  strains  in  the  reinforcing  bars  and  slab 
temperature,  strain  and  width  of  the  crack,  and  width  of  the 
crack  and  temperature  after  the  pavement  was  about  four  weeks 
old  . 

2.  Location  II  -  Section  Type  B7-2  (7  inch  slab,  0.784$  steel) 

The  loss  of  bond  between  the  concrete  and  the  rein¬ 
forcing  bars  extended  to  a  point  about  27  bar  diameters  from 
the  instigated  crack  when  the  strain  in  the  reinforcing  bars 
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remained  in  the  elastic  range.  After  the  bars  yielded  in 
tension  additional  loss  of  bond  occurred  .  The  reinforcing 
steel  at  the  instigated  crack  started  to  yield  at  a  slab 
temperature  of  about  -10°F.,  at  which  temperature  width  of 
the  instigated  crack  probably  opened  to  l/l6th  of  an  inch. 

When  the  temperature  dropped  to  a  low  of  -25°F.  reinforcing 
bars  at  the  crack  strained  far  beyond  the  yield  point  of  the 
steel  and  the  width  of  the  instigated  crack  exceeded  l/8th 
of  an  inch. 

If  a  reinforcing  steel  having  a  yield  point  strain 
of  2,200  micro  inches/inch  had  been  used,  no  yielding  would 
have  taken  place  at  a  low  in  temperature  of  -25°F.,  and  the 
width  of  the  instigated  crack  would  have  remained  within 
1/llth  of  an  inch. 

A  linear  relationship  existed  within  the  elastic 
range  of  steel  between  strain  in  the  reinforcing  steel  and 
slab  temperature,  strain  and  width  of  the  crack,  width  of 
the  crack  and  temperature  after  the  pavement  was  about  two 
weeks  old  . 

3.  Location  III  -  Section  Type  B7-1  (7  inch  slab,  0.70-6'$  steel) 

The  loss  of  bond  between  the  concrete  and  the  steel 
bars  extended  to  a  point  about  24  bar  diameters  from  the 
induced  plane  of  weakness  .  No  additional  loss  of  bond  occurred 
after  the  reinforcing  bars  at  the  crack  yielded  in  tension. 

The  reinforcing  steel  at  the  instigated  crack  yielded 
in  tension  when  the  slab  temperature  dropped  to  about  -15°F. 

At  this  low  temperature  the  width  of  the  instigated  crack 
reached  1/32  of  an  inch .  When  the  slab  temperature  dropped 
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to  about  -25°F . ,  the  reinforcing  steel  strained  far  beyond 
the  yield  point  and  the  width  of  the  crack  increased  probably 
to  l/l6th  of  an  inch. 

The  shrinkage  crack  which  developed  in  the  vicinity 
of  the  instigated  crack  had  a  considerable  effect  on  the  crack 
width  opening  at  the  induced  plane  of  weakness  . 

No  yielding  of  the  reinforcing  bars  would  have  taken 
place  at  the  instigated  crack  at  -25°F.  temperature  if  a  re¬ 
inforcing  steel  having  a  yield  point  strain  of  2,300  micro 
inches/inch  had  been  used. 

4.  Location  IV  -  Section  Type  B6-1  (6  inch  slab,  0.715$  steel) 

The  lack  of  sufficient  information,  the  development 
of  a  shrinkage  crack  close  to  the  plane  of  weakness,  coupled 
with  a  strange  strain  history  at  the  instigated  crack,  does 
not  permit  the  drawing  of  any  definite  conclusions  at  this 
time  . 

The  reinforcing  bars  started  to  yield  at  the  south 
edge  of  the  pavement  before  the  51-day  measurements  were  taken 
during  which  time  a  low  of  -13°P.  had  been  recorded  at  the 
Calgary  airport.  There  is  some  evidence  of  bending  in  the 
horizontal  plane . 

5.  Location  V  -  Section  Type  B6-1  (6  inch  slab,  0.715^  steel) 

As  at  Location  IV,  only  limited  information  is  avail¬ 
able  .  The  data  that  are  available  indicate  that  reinforcing 
steel  spanning  the  crack  yielded  in  tension  before  the  pave¬ 
ment  was  50  days  old .  Some  indications  of  bending  action  is 
also  present  at  this  location. 
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6.  Location  VI  -  Section  Type  B6-1  (6  inch  slab,  0.715^  steel) 

The  gaged  panel  at  Location  VI  was  subjected  to 
bending  action  when  the  reinforcing  bars  at  the  crack  strained 
elastically.  The  reinforcing  bars  spanning  the  instigated 
crack  started  to  yield  before  the  pavement  was  42  days  old, 
during  which  time  a  low  of  -13°F.  had  been  recorded  at  the 
Calgary  airport . 

7.  Location  VII  -  Section  Type  B6-1  (6  inch  slab,  0.715$  steel) 

The  reinforcing  bars  spanning  the  crack  started  to 
yield  before  the  pavement  was  fifty  days  old  .  It  is  probable 
that  the  reinforcing  steel  began  to  yield  within  thirty-one 
days  after  construction  during  which  time  a  low  of  -5°F.  was 
recorded  at  the  Calgary  airport .  The  yield  point  strain  of 
the  reinforcing  bars  was  probably  reached  when  the  slab 
temperature  dropped  to  5°^*  and  the  width  of  the  crack  opened 
to  about  1/20  of  an  inch. 

The  reinforcing  steel  yielded  in  tension  past  the 
range  of  nSR-4'!  bakelite  type  gages  when  the  pavement  was 
subjected  to  an  extremely  low  temperature  and  the  instigated 
crack  opened  to  a  width  exceeding  1/8  of  an  inch. 

If  a  reinforcing  steel  having  a  yield  point  strain 
of  3,100  micro  inches/inch  had  been  used,  no  yielding  would 
have  taken  place  at  the  cracks,  additional  cracks  would  have 
probably  developed  and  the  existing  cracks  would  not  have 
opened  to  such  objectionable  widths. 

8.  Location  VIII  -  Section  Type  B6-2  (6  inch  slab,  0.815$  steel) 

The  loss  of  bond  between  the  concrete  and  the  rein¬ 
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instigated  crack  when  the  strain  in  the  reinforcing  steel 
remained  within  the  elastic  range  .  After  the  reinforcing 
bars  spanning  the  crack  strained  past  the  yield  point,  the 
loss  of  bond  increased  to  a  point  24  bars  diameters  from 
the  crack. 

The  reinforcing  steel  spanning  the  crack  started 
to  yield  when  the  slab  temperature  dropped  to  about  -5°F. 
and  the  instigated  crack  opened  to  1/25  of  an  inch. 

When  the  pavement  was  subjected  to  extremely  low 
temperatures,  the  reinforcing  bars  strained  past  the  range 
of  the  nSR-4"  bakelite-type  gages  and  the  instigated  crack 
opened  to  width  exceeding  1/10  of  an  inch. 

If  a  reinforcing  steel  having  a  yield  point  strain 
of  2,700  micro  inches/inch  had  been  used,  no  yielding  would 
have  taken  place  at  the  instigated  crack  at  the  slab  tempera¬ 
ture  of  -25°F . j  and  the  crack  would  have  opened  to  1/20  of 
an  inch,  unless  additional  cracks  were  developed  . 

9.  Location  IX  -  Section  B6-2  (6  inch  slab,  0.815$  steel) 

The  reinforcing  steel  at  the  instigated  crack 
strained  within  its  elastic  limit.  The  strain  in  the  rein¬ 
forcing  bars  reached  1,900  micro  inches/inch  when  the  slab 
temperature  dropped  to  about  -25°R.  and  the  width  of  the 
instigated  crack  at  this  low  temperature  probably  increased 
to  0.043  inches. 

The  loss  of  bond  extended  to  a  point  about  20  bar 
diameters  from  the  crack. 

The  strain  in  the  reinforcing  steel  and  width  of  the 


instigated  crack  increased  at  a  decreasing  rate  for  a  given  drop 
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in  slab  temperature . 

The  shrinkage  crack  which  developed  several  inches 
east  of  the  induced  crack  had  a  measurable  effect  on  the  strain 
pattern  in  the  reinforcing  bars  located  in  the  south  lane  of 
the  pavement.  At  extremely  low  temperatures ,  the  strain  in  the 
reinforcing  steel  distributed  itself  more  evenly  along  the 
instigated  crack,  and  the  shrinkage  crack  east  of  the  induced 
plane  of  weakness  became  inactive. 

The  length  of  the  actively  moving  end  extended  some 
distance  west  of  the  test  section  from  the  expansion  dam  con¬ 
structed  at  the  east  end  of  the  continuously  reinforced  concrete 
pavement . 
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XI .  RECOMMENDATIONS 

In  the  course  of  strain  measurements  it  was  found 
that  the  ,fSR-4n  strain  indicator  responded  "sluggishly"  to  any 
change  in  strain.  No  explanation  was  available  for  this  strange 
phenomenon  for  some  time. 

Experiments  that  were  conducted  at  the  University  of 
Alberta  revealed  that  when  a  capacitor  was  introduced  into  the 
electrical  circuit,  the  "SR-4"  strain  indicator  responded  to 
change  in  strain  in  a  similar  manner  as  at  the  test  site. 

Further  investigation  revealed  that  capacitance  in  the  Wheat¬ 
stone  Bridge  Circuit  affects  the  initial  reading  only,  and 
does  not  influence  the  change  in  strain.  When  a  capacitor 
of  220  u  u  f  was  introduced  into  an  electrical  circuit  the 
initial  strain  reading  on  the  gage  was  changed  by  100  micro 
inches/inch,  a  capacitor  of  10,000  u  u  f  changed  the  reading 
by  200  micro  inches/inch.  By  immersing  40  feet  of  lead  wire 
in  a  pail  of  water  it  was  found  that  a  capacitance  of  12,000 
u  u  f  was  developed.  Therefore,  the  extreme  conditions  to 
which  the  lead  wire  might  be  subjected  under  the  pavement  would 
be  a  change  in  capacitance  from  0  to  12,000  u  u  f,  resulting  in 
a  maximum  error  of  200  micro  inches/inch  in  strain  measurements  . 

In  view  of  the  fact  that  moisture  in  the  granular 
base  may  vary  considerably,  particularly  below  the  crack  in  the 
pavement,  it  is  felt  that  for  the  best  results  lead  wires  con¬ 
necting  the  strain  gages  to  the  terminal  box  should  be  housed 
in  a  watertight  conduit . 
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Terminal  boxes  buried  in  the  ground  had  given  very 
poor  service.  It  is  suggested  that  in  future  the  terminal 
boxes  be  installed  above  the  ground  surface . 

Initial  strain  measurements  should  be  made  before 
placing  of  concrete  or  after  the  initial  set  of  concrete.  On 
occasions,  readings  taken  immediately  after  the  finishing 
operation  have  given  ridiculous  results . 

If  at  all  possible,  measurements  should  be  taken 
every  few  hours  throughout  the  day  and  night  for  the  first  few 
days  after  placing  of  concrete  so  that  initial  behaviour  of 
the  pavement  could  be  determined . 

Useful  information  may  be  gained  by  making  a  complete 
observation  of  crack  widths  at  selected  locations  other  than  at 
the  test  panel . 

Copper-constantan  type  temperature  transducers  were 
used  to  measure  slab  temperature  at  selected  positions .  Using 
this  type  of  temperature  gage  it  was  necessary  to  measure  cold 
junction  temperature  and  the  e.rn.f.  produced.  The  cold  junction 
temperature  was  measured  using  an  ordinary  mercury  thermometer 
and  the  e.rn.f.  was  measured  using  a  potentiometer.  It  was  found 
that  this  method  of  securing  temperature  records  was  not  very 
accurate  and  was  time-consuming.  Due  to  the  difficulties  en¬ 
countered  In  measuring  the  cold  junction  temperature  and  read¬ 
ing  the  potentiometer,  particularly  in  the  winter  season,  it  is 
suggested  that  in  future  projects  of  this  type  temperature 
sensitive  resistance-wire  measuring  device  be  used  . 

This  type  of  gage  was  designed  and  used  successfully 


by  the  Continuous  Pavement  Research  Group  at  the  Lehigh  University. 
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Full  details  of  its  construction  as  presented  in  the  unpub 
lished  report  "Continuously  Reinforced  Concrete  Pavement 
Research"  written  by  Continuous  Pavement  Research  Group, 
Fritz  Engineering  Laboratory,  Lehigh  University  for  the 
American  Iron  and  Steel  Institute,  are  given  in  Appendix  C 
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APPENDIX  A 

APPLICATION  AND  WATERPROOFING  OF  ELECTRICAL  STRAIN  GAGES 
(a)  General  Description 

Basically  there  are  two  general  types  of  Baldwin 
"SR-4"  strain  gages:  (l)  gages  made  on  paper  base  which  is 
impregnated  with  nitrocellulose;  (2)  gages  molded  in  bakelite 
resins  . 

An  electrical  strain  gage  consists  of  a  small  grid 
of  very  fine  wire  which  is  either  cemented  to  a  paper  base  or 
bakelite  resin  base.  Its  principle  of  operation  in  measuring 
strain  depends  on  the  fact  that  the  electrical  resistance  of 
the  grid  of  wire  varies  directly  as  the  strain  the  grid  under¬ 
goes  .  If  the  gage  is  cemented  firmly  to  a  material,  the  fine 
wire  grid  will  suffer  the  same  strains  as  the  material  itself. 
By  measuring  the  resistance  changes  of  the  grid  by  a  sensitive 
galvonometer  the  actual  strains  in  the  material  may  be  found . 
The  strains  are  then  converted  to  stresses  by  multiplying  by 
the  modulus  of  elasticity  of  the  material . 

The  gages  used  in  this  project  were  MSR-4n  made  by 
Baldwin  Southwank  Locomotive  Works,  Philadelphia,  U.S.A.  The 
type  of  gages  selected  for  this  work  were  "AB-3"  bakelite 
gages  .  The  reason  for  selecting  this  type  of  gage  was  its 
proven  stability  under  long  time  service  in  adverse  climatic 
conditions  and  ability  to  withstand  a  moderate  amount  of  abuse 
in  installation  and  handling.  A  complete  description  of  the 
method  of  applying  those  gages  to  steel  surface  is  given  by 
the  makers  in  their  bulletin  No.  179*  "The  SR-4  Bonded 
Resistance  Wire  Strain  Gauge i;,  and  need  not  be  repeated  here. 
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When  properly  attached,  the  strain  gage  grid  is 
rigidly  bonded  to  the  steel  (or  other  surface)  and  yet  is 
electrically  insulated  from  it.  The  gage  will  function 
satisfactorily  as  long  as  it  remains  completely  dry.  The. 
principle  cause  of  instability  is  moisture  which  is  absorbed 
into  the  body  of  the  gage.  The  effects  of  moisture  are: 

(a)  dimensional  changes  of  bonding  medium  and  cement  which 
cause  resistance  changes  due  to  resulting  strains  set  up  in 
gage  filament;  (b)  changes  of  resistance  due  to  conductivity 
caused  by  absorbed  moisture.  A  secondary  cause  of  instability 
is  the  long  time  aging  of  bonding  medium  and  cement.  The  lower 
limit  of  the  electrical  resistance  against  this  type  of  leak¬ 
age  is  50  megohms  between  grid  and  bar  for  absolutely  reliable 
results . 

Several  methods  of  waterproofing  gages  embedded  in 

(8,9,10) 

concrete  have  been  developed  by  different  investigators 
In  a  paper  to  the  A.C.I.^^,  two  investigators  of  the  U.S. 

Bureau  of  Reclamation,  Denver,  have  listed  requirements  for 
an  ideal  type  of  "SR- 4 "  gage  protection,  and  then  have  given 
detailed  description  of  two  methods  which  they  have  successfully 
used  . 

(b)  Application  of  Gages  to  Reinforcing  Bars 

After  the  bar  deformations  were  removed  and  the 
surface  areas  at  the  gage  locations  were  polished  to  a  very 
smooth  surface,  these  areas  were  covered  with  friction  tape 
and  the  bars  were  stored  awaiting  the  shipment  of  strain  gages. 
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Before  application  of  strain  gages,  the  surfaces 
at  gage  locations  were  polished  once  more  and  thoroughly  cleaned 
with  acetone.  The  gages  were  checked  for  resistance  and  the 
under  side  of  the  gages  were  cleaned  with  acetone  before  appli¬ 
cation  of  cement  . 

In  applying  the  gages  to  bars  of  circular  cross- 
section,  some  difficulty  was  experienced  in  holding  the  gage 
centreline  truly  parallel  to  the  direction  of  stress  after 
application  of  pressure  by  means  of  specially  designed  clamps  . 
Waterproofing  of  Gages 

After  application  of  heat  curing  process  and  subse¬ 
quent  cooling  off,  the  waterproofing  process  may  begin.  The 
following  list  of  steps  contains  minimum  procedure  necessary 
to  obtain  reasonably  good  results  .  Omission  of  any  one  of 
them  may  be  sufficient  cause  to  spoil  a  gage  location. 

(1)  After  the  bars  cool  off,  apply  a  coat  of  Gaco  Primer  which 
prevents  any  moisture  from  the  atmosphere  being  absorbed 
by  the  gage  .  It  prevents  the  clean  surface  of  the  bar 
from  rusting  and  provides  good  bond  between  neoprene  and 
the  steel .  A  second  coat  of  primer  should  be  applied 
about  one  hour  before  application  of  neoprene  . 

(2)  Test  the  leakage  resistance  and  true  resistance  of  the 
applied  gage .  Use  a  maximum  test  voltage  of  45  volts 
to  measure  leakage  resistance,  and  a  Wheatstone  bridge 
to  measure  true  resistance .  A  leakage  resistance  of 
less  than  50  megohms  and  a  true  resistance  varying  by 
more  than  1 .0  ohms  from  the  listed  resistance  indicates 
that  the  gage  is  of  doubtful  usefulness  and  should  be 


replaced  . 
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(3)  Clean  all  excess  Duco  cement  from  the  bar  surrounding 
the  gage . 

(4)  Bend  the  lead  out  wires  of  the  gage  back  over  the  gage. 

The  lead  out  wires  must  be  insulated  from  the  steel  surface. 

(5)  Solder  the  insulated  lead  wires  to  the  gage  leads.  The 
insulation  of  these  wires  should  be  cut  back  by  no  more 
than  \  inch.  Soldered  connections  should  be  smooth. 

Sharp  projections  must  be  avoided  .  The  insulated  lead 
wires  may  be  either  the  single-strand  or  multi-strand 
type;  single-stand  wire  is  preferred.  The  insulation 
itself  must  be  high  quality  rubber  or  plastic  insulation. 
Lacquered  fibre  insulation  is  not  acceptable . 

(6)  To  prevent  damage  to  the  gages  by  pulling  on  the  leads 
tie  the  leads  to  the  bar  with  fibreglass  tape. 

(7)  Apply  four  to  six  coats  of  neoprene.  Each  coat  should 
be  allowed  to  dry  thoroughly  before  application  of 
successive  coats.  After  application  of  the  last  coat, 
apply  the  heat  curing  process  for  at  least  12  hours  at 
a  temperature  of  175°^. 

(8)  Apply  a  coat  of  petrolastic  asphalt  and  apply  heat  until 
the  surface  is  perfectly  smooth  and  free  from  air  pockets. 

(9)  Apply  a  layer  of  electrician  tape  over  the  layer  of  petro¬ 
lastic  asphalt .  Petrolastic  asphalt  in  room  temperature 
becomes  sticky;  a  coat  of  electrician’s  tape  provides 
clean  handling  of  bars . 
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(d)  Discussion  of  Method 

The  method  as  described  above  is  rather  slow  and 
time  consuming,  especially  if  only  several  gages  can  be  water¬ 
proofed  at  one  time.  However,  if  many  gages  can  be  water¬ 
proofed  at  one  time,  the  time  is  well  spent. 

This  method  is  especially  suited  for  field  instal¬ 
lations  and  should  be  excellent  for  laboratory  investigations, 
especially  if  a  large  number  of  gage  installations  is  contem¬ 
plated  . 

After  six  months  of  service  a  large  majority  of  gages 
have  given  good  service. 

As  mentioned  before,  other  methods  of  waterproofing 
have  been  developed.  The  U.S.  Bureau  of  Reclamation,  Denver, 
describe  two  methods.  In  the  first  method  3M  -  Adhesive,  which 
is  air-setting  rubber  cement,  is  used  with  Tygonite  N-15-B 
cement .  The  second  method  described  by  the  Bureau  of  Reclama¬ 
tion  involves  vulcanizing  a  neoprene  rubber  housing  over  the 
gage  to  the  steel  bar. 

Another  method  is  described  in  a  paper  in  the  S.E.S.A. 
Proceedings^).  Th e  procedure  is  somewhat  similar  to  the 
Tygonite  Method,  but  Petrosene  B  Wax  is  used  as  the  chief  water¬ 
proofing  agent .  Long-term  leakage  resistance  is  claimed  in  a 
field  test . 

The  results  of  all  long-term  tests  are  at  present 
rather  doubtful  because  of  the  tendency  of  the  Duco  Cement 
holding  the  gage  to  the  steel  to  creep.  This,  of  course,  causes 
an  extra  strain  in  the  gage  not  undergone  by  the  material, 
causing  resistance  change  readings  to  be  not  truly  representa¬ 
tive  of  strains  in  the  test  material . 
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APPENDIX  B 

MISCELLANEOUS  DIAGRAMS  AND  CURVES 
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SECTION  A-A  PLAN  ViEW  OF  BOTTOM 
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ATTACHMENT  of  SR-4  STRAIN 
GAGES  to  STEEL  REINFORCING  BAR 
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NON -REINFORCED 

CONCRETE  PAVEMENT 
TYPE  ,,C’’ 

2  LANES  WITH 

ASPHALTIC  BOUND  SHOULDERS 


PLATE5 


CONCRETE  PAVEMENT 
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3-WIRE  CABLE 


m  c.  m  o  . 
GAUGE 


6 

0s-1 


INTERNAL 

CONNECTION 


COM  PEN  S 
GAUGE 


J- 


BALDWIN  SR -4 
STRAIN  INDICATOR 

type  l 


1  0-^>  0-0  6- 

11  0-0  0  0  ,<s' 

a  <SKp  0-0  7 

12  0-0  0  0  17 

3-  0-<p  0-0  *•  ^ 

r  13  0  0  0  0 ,b 

0-0  0-0  3 

0  0  0  0  ,s 

5  0-0  0-0  lo- 

15  0  0  0  0 

WHITE  FRONT  VIEW 


RED 


GREEN 


0  0  16 

2^4>  <s4>' 

12 

0  0  17 

13  0  0 

0  0  18 

0  0 

0  0  19 

5  te 

15  0  0 

0  0  a° 

LEFT  VIEW  RIGHT  VIEW 


BALDWIN  20  -  POINT 
STRAIN  GAUGE  SWITCH 


NSTRUMENT  BOX 


AMPHENOL  24-POINT 
CONNECTOR  SET 


1.  AMPHENOL  CONNECTOR  SETS 
PLUGGED  IN  ONE  AT  A  TIME  . 

2.  FOR  aLl  STATIONS,  GAUGES 
1-24  AND  DUMMIES  V  CONNECTED 
TO  CORRESPONDING  NUMBERS  ON 
TERMINAL  STRIP. 

3.  FOR  TERMINAL  STRIP  ,  CONNECTORS  , 
AND  SWITCHBOX  NUMBER  -  LETTER 
COMBINATION  OF  CIRCUITS  NOT 
SHOWN  FOLLOW  SEQUENCE 
INDICAtED  BY  CIRCUITS  SHOWN. 


52-POINT  TELEPHONE 
TERMINAL  STI 


AMPHENOL  24  POINT 
CONNECTOR  SET 


FEMALE 


-TERMINA 
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PLATE 


SCHEMATIC  WIRING  DIAGRAM 

OF  FI  FCTRICAL  EQUIPMENT 


FOR  STRAIN  GAUGE 

INSTRUMENTATION.” 
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SECTION  A-A  OvEN 


REINFORCED  CONCRETE  TEST  ROAD 
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197 


2  Nl  Nl  “I331S  do  V3av  1VN0I133S  SS02D 


IKJ  MICRO  INCHES/ INC 
PLATE  // 


Mid  Portion 


t*,  _ 


CO,. 
U 
■  0 

<u 

s 

p 

p 

CQ. 

'0. 

•  Q) 

*  €d 


0 

CD 

P 

IQ 

a? 

-£• 

.  P 

••£:■ 

o: 

•H 

J0 

& 

© 

.  0. 

P 

o 

Cm 


© 


\rH 

© 

© 

P. 


© 

-  '  r-f  *  • 

02  ; 

p 

.  0)  - 

■flj  :'. 

©' 

P' 

,c 

© 

a :; 

...  .V®  . 

.  p  - 

o  '  •• 

.  <d 

k  " 

o 

V-jdj  ■ 

p 

.  <1> 

'V-t 

©  ; 

,  ©  © 

*frt 

a,u 

r. 

i  a  o 

a 

•P. 

-  co  ■ 

P 

,  co 

‘■;:60 ' 

.© 

©0 

f 

’  a. 

>  o  • 

\  CO 

© 

•,.  o 

■  '  <i> 

'P  ■ 

ip 

'O  9m 

b 

.  ©  • 

.  D  ■ 

■  © 

0 

’  >  ■ 

0 

■M 

a)  .■ 

a  © 

-•  b 

■M  - 

’  :  <© 

£4  =b0 

CO 

o  ro 

M 

«r4  ;• 

.  0)  :; 

Pt  OsJ 

o 

■m  ; 

•.•  O 

C 

E 

■. ,  - ; : ' 

0  *ri 

<D 

■  p  ■  •. 

>  u 

'  *-4 

«rl 

ID  eo 

■‘  ‘  *4-4 
0 

B  , 

<D  .• 

.  0- 

-  .~f  • 

©  a 

© 

tH 

£ 

'■«  *H 

£<  P 

p 

03  " 

•H 

:  0 

a 

to 

P 

X 

•  c  , 

£  © 

•  © 

O 

03 

4> 

©  3 

-© 

&-( 

-  O  CO 

I 

' 

! 

i 

Cvl 

r©  - 

W~ 

fe 


cV 


I 


199 


faO 


\S\N\W 


i 


feO 

•H 

fa 


\S.\S.Vy^ 


04 


Analysis  of  Reinforced  Concrete  Slab  Fixed  at  Midpoints 
Between  Cracks 


APPENDIX  C 


DESIGN  AND  CONSTRUCTION  OF  TEMPERATURE  MEASURING  GAGE 
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APPENDIX  C 

DESIGN  AND  CONSTRUCTION  OF  TEMPERATURE  MEASURING  GAGE 

The  temperature  sensitive  element  consisted  of  approxi¬ 
mately  33  inches  of  No.  Forty ,  99*8$  nickel  wire  with  Formvar 
insulation.  This  wire  was  cut  to  a  length  having  a  resistance 
of  17  ohms  at  a  temperature  of  70°F«  A  loop  was  formed  in  the 
wire  and  the  free  ends  were  soldered  to  standard  two-conductor 
gage  leads.  Only  1/8  of  an  inch  of  insulation  was  removed  from 
the  ends  of  the  wires,  and  with  a  small  soldering  iron  it  was 
possible  to  make  a  sound  solder  joint  without  melting  the 
adjacent  insulation. 

The  attached  loop  was  then  wrapped  around  the  two  gage 
leads  approximately  1/4  of  an  inch  back  from  their  ends,  and  the 
end  of  the  loop  was  held  in  place  with  a  drop  of  plastic  cement . 
The  comparitive  stiffness  of  the  heavier  gage  lead  wires  prevented 
electrical  shorting  of  the  soldered  ends  until  the  water-proofing 
and  protective  coatings  were  applied  to  the  gage  . 

The  completed  gage  was  only  3/16  of  an  inch  in  dia¬ 
meter  and  provided  a  means  of  obtaining  temperature  measurements 
at  a  precise  location  within  the  pavement  structure. 

In  order  to  use  these  gages  as  an  active  arm  of  a 
120  ohms-per-arm  bridge  circuit,  it  was  necessary  to  add  a  fixed 
resistance  of  103  ohms  in  series  with  17  ohms  provided  by  the 
temperature  sensitive  nickel  wire . 

The  fixed  resistors  made  with  No.  34  cotton  insulated 
Advance  wire  having  a  resistance  of  7*52  ohms  per  foot.  They 
were  wound  on  fibre  glass  cores  and  given  a  protective  coating 
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of  insulating  varnish.  Several  of  these  resistors  were  tested 
and  found  to  have  no  significant  sensitivity  to  temperature 
changes  between  30°F .  and  140°F .  Since  the  nickel  wire  had  a 
nominal  temperature  coefficient  of  resistance  of  0.006,  while 
at  the  Advance  wire  was  only  0.0002,  it  seemed  reasonable  to 
assume  that  any  change  in  the  resistance  of  the  120-ohm  circuit 
would  be  due  to  the  temperature  sensitivity  of  the  nickel  wire 
in  the  transducer. 

Extreme  care  in  the  construction  of  these  gages 
enabled  the  use  of  the  same  calibration  factor  with  an  entire 
lot  of  70  gages  and  with  less  than  Vf>  differential  error  within 
a  temperature  range  of  0°F .  and  120°F .  When  used  with  standard 
120-ohm  strain  gage  instruments,  175  micro  inches/inch  of  indi¬ 
cated  strain  was  equal  to  1°F.  change  of  temperature  at  the 
gage . 

V/ hen  an  electric  current  flows  in  a  circuit,  heat  is 
generated  by  the  resistance  of  the  conducting  materials .  With 
constant  input  voltage,  the  temperature  of  this  material  will 
rise  until  the  dissipation  of  the  heat  by  radiation  or  thermal 
conductivity  is  equal  to  the  heat  that  is  generated .  It  was 
found  that  this  phenomenon  caused  a  sudden  rise  in  the  indi¬ 
cated  temperature  from  each  of  the  gages  as  they  were  switched 
into  the  instrument  circuit,  but  that  after  about  10  seconds, 
this  "self-heating"  stabilized  and  reliable  measurements  could 
be  obtained  . 

All  gages  were  calibrated  at  a  known  temperature 
after  they  were  attached  to  the  terminal  board  at  the  construc¬ 
tion  site.  Before  installation  into  the  pavement,  they  were 
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submerged  in  an  insulated  water  bath  and  checked  with  a 
laboratory  mercury-column  thermometer.  The  indicated  resis¬ 
tance  of  the  gage  at  this  static  temperature  formed  the  basis 
for  all  subsequent  measurements  . 
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SAMPLE  CALCULATIONS 
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APPENDIX  D 
SAMPLE  CALCULATIONS 

Notation 

fs  -  stress  in  reinforcing  steel 
Es  -  modulus  of  elasticity  of  steel 
Ec  -  modulus  of  elasticity  of  concrete 
As  -  cross-sectional  area  of  steel 
Ac  -  cross-sectional  area  of  concrete 
Aip  -  transformer  area 

coefficient  of  thermal  expansion  of  steel 
and  concrete 

e  -  unit  strain  in  inches/inch 

T  -  temperature  drop 

L]_  -  length  of  steel  of  area  as  producing  the  same 

deformation  characteristics  as  the  actual  section 
between  two  fixed  ends, 
total  change  in  length  in  inches 
n  -  modular  ratio 

Since  only  very  small  movements  take  place  between 
the  concrete  slab  and  the  base  in  the  central  portions  of  the 
continuously  reinforced  concrete  pavement,  and  since  these 
movements  are  confined  to  portions  of  the  slab  in  the  immediate 
vicinity  of  the  cracks,  it  may  be  assumed  that  sections  midway 
between  the  cracks  are  stationary  or  fixed  (Fig.  a,  Plate  13). 

It  has  been  pointed  out  that  the  reinforcing  steel 
in  the  continuously  reinforced  concrete  pavement  yielded  in 
tension  at  the  cracks  for  a  given  temperature  drop.  As  will 
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be  seen*  had  the  steel  not  been  embedded  in  concrete,  the  same 
temperature  change  would  not  have  produced  yielding.  The 
reason  for  different  behaviour  for  these  two  cases  may  be 
explained  by  considering  them  in  detail. 

1 .  Reinforcing  steel  bar  10  feet  in  length  fixed  at  both 
ends  (Fig.  b,  Plate  13). 

Assume  =  6 .5  x  10”°  in./in./°F. 

T  =  100°F . 

£ 

Es  =  30  x  10  psi . 

The  unit  strain  in  the  steel  due  to  100°F.  temperature  drop 
e  -  6.5  x  10-6  x  100 
e  =  6.5  x  10~4 
Therefore  unit  stress 

fs  -  30  x  106  x  6.5  x  10-4 

fs  =  19*500  psi.  which  is  much  below  the  yield 
point  stress  of  the  reinforcing  steel . 

2.  Reinforced  concrete  slab  10  feet  in  length  fixed  at  both 

ends  (Fig.  a,  Plate  13). 

m  =  Eg 
Ec 

m  =  30  x  106,  =6.7 

4.5  x  io6 

considering  Section  Type  B7-2 
Transformed  Area  (Fig.c,  Plate  13). 

At  =  ^2.  ^ 
n 

Am  =  105  +  0.795 
1  63 

At  — 


17  square  inches . 


. 

, 
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Equivalent  Length 

Ln  -  0.795  x  4  x  12  x  2  +2  x  12 

17 

Li  =  28.5  inches. 

If  the  reinforced  concrete  slab  were  allowed  to  contract 
due  to  the  temperature  drop,  the  change  in  length  due  to 
100°F.  temperature  drop  would  be 

-  6.5  x  10-6  x  100  x  120 

-  0.072  inches. 

If  sufficient  force  were  applied  to  bring  the  slab  to  its 

original  length,  the  unit  strain  in  the  steel  at  the  crack 

e  =  -  0.072  =  0.00252  inches/inch 

Lx  55T5- 

and  the  stress  in  the  steel  at  the  crack 

fs  =  30  x  106  x  2.52  x  10"3 

fs  s  75*000  psi .  which  is  above  the  yield 
point  stress  of  the  steel  used . 

Stress  in  the  reinforcing  steel  reduces  rapidly  as  the 
distance  from  the  crack  increases.  The  stress  in  the  reinforc¬ 
ing  steel  remains  constant  at  points  where  strain  in  concrete 
remains  equal  to  the  strain  in  the  steel  (Pig.  d  and  Fig.  f, 

Plate  13)  . 

The  above  calculations  indicate  that  almost  all  of  the  longi¬ 
tudinal  deformation  of  the  slab  caused  by  the  temperature  drop 
takes  place  in  the  reinforcing  steel  at  the  crack. 
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Notation 


APPENDIX  E 
SAMPLE  CALCULATIONS 


ft 

Ec 

dO 

T 


percentage  of  steel 

tensile  stress  in  steel  at  y.p. 

compressive  stress  in  steel 

modulus  of  elasticity  of  steel 

cross-sectional  area  of  steel 

cross-sectional  area  of  concrete 

strain  in  concrete  caused  by  shrinkage 

ultimate  tensile  stress  of  concrete 

modulus  of  elasticity  of  concrete 

coefficient  of  thermal  expansion  of  concrete 
and  steel 

maximum  drop  in  temperature 


To  find  necessary  percentage  of  steel 
$ee  Plate  12) 

n  =  Es  P  =  As 

Pi  =  Ac  ft  . 

F2  =  00  TpAc  Eg . 


(1) 

(2) 

(3) 


P3  -  f's  As  =  (esh  Es  -  n  ft)p  Ac  •  .  .  (4) 
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P  =  Fi  +  F2  -  P3  =  Ac  [(ft  +  *T  p  Es )  -  (esh  Es  -  n  ft)p]  (5) 
F  =  P  Ac  fy . . (6) 

ft 

P  =  _  Z _  . (7) 

fs  -  n  ft  +  Es  (esh  -  oc  Tj 


For  temperature  drop 
Pavement  width 


T  =  85°F . 

24  feet  =  288  inches 
esh=  0  .0005  inches/inch 
ft  =  750  psi 

do  z  0.000006  per  degree  F. 

fs  =  56OOO  psi 

ES  r  29.2  X  106 

E  =  3  X  106 

c 

n  -  10 


P 

P 


750 

10(750)  +  30  x  106(5 


- _2_ - — - 

x  10"  -  6xlO"°x85; 


For  7  inch  slab  -  area  of  steel  required 

AR  =  p  A  =  1.55  x  288  x  7  =  31 .2  square  inches 

c  100 

For  6  inch  slab  -  area  of  steel  required 

As  =  P  Ac  «  x  288  x  6  =  26 .8  square  inches 

It  may  be  seen  from  Equation  (7)  that  the  amount  of 
steel  required  to  cause  temperature  cracking  may  be  greatly 
reduced  by  using  higher  tensile  strength  steel  and  lower  tensile 
strength  concrete. 


+ 


-1- 


'  .  ■:  ,  , 


■t- 


■ 


. 

. 


.  : 


.  . 


211 


APPENDIX  F 

COPY  OF  ORIGINAL  DATA 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  ^  Station  354+00 

DATE  OF 

READING 

Oct  .1 
1958 

Oct  .1 

1958 

Oct  .1 

1958 

Oct  .2 

1958 

Oct  .2 

1958 

Oct  .3 

1958 

Oct  .3 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

1  .1 

1.3 

1 .4 

2.1 

2.3 

3 

3.35 

AIR 

TEMPERATURE 

48°F 

64°F 

0 

53  P 

65°P 

75°P 

67°F 

74°f 

SR-4  STRAIN  GAGES  (MICRO-IN. /IN.) 

Gage  No.  1 

0 

-108 

-85 

-43 

-94 

-25 

-116 

2 

13 

-110 

-90 

-50 

-85 

-52 

-117 

3 

18 

-117 

-90 

-47 

-96 

-47 

-129 

4 

15 

-95 

-70 

-40 

-78 

-45 

-110 

5 

10 

-110 

-77 

-44 

-92 

-45 

-126 

6 

10 

-81 

-60 

-20 

-72 

-37 

-95 

7 

-13 

-131 

-111 

-61 

-115 

-53 

-136 

8 

-9 

-102 

-91 

-57 

-85 

-57 

-111 

9 

5 

-112 

-100 

-*9 

-85 

-41 

-110 

10 

5 

-115 

-85 

-30 

-75 

-48 

-108 

1 1 

10 

-118 

-80 

-50 

-83 

-55 

-118 

12 

12 

-95 

-67 

-38 

-65 

-43 

-95 

13 

-17 

-140 

-110 

-85 

-105 

-67 

-123 

14 

-14 

-127 

-107 

-72 

-93 

-72 

-112 

15 

6 

-102 

-85 

-40 

-76 

-35 

-94 

16 

8 

-100 

-75 

-35 

-65 

-28 

-76 

17 

0 

-82 

-43 

-32 

-59 

-27 

-64 

18 

-1 

-70 

-42 

-27 

-57 

-20 

-62 

19 

-16 

-121 

-9§ 

-80 

-108 

-63 

-115 

20 

-7 

-120 

-90 

-70 

-108 

-61 

-118 

21 

2 

-91 

-63 

-53 

-84 

-43 

-98 

22 

0 

-96 

-65 

-45 

-83 

-43 

-95 

23 

2 

-68 

-40 

-40 

-71 

-35 

-65 

24 

9 

-72 

-38 

-40 

-75 

-45 

-77 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  1  Station  364+00 

DATE  OF 
READING 

Oct. 4 
1958 

Oct  .6 
1958 

Oct. 7 
1958 

Oct. 8 
1958 

Oct  .9 
1958 

Oct  .13 
1958 

Oct. 20 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

4.0 

6.3 

7 

8 

9 

13.4 

20.3 

AIR 

TEMPERATURE 

46°F 

53°F 

50  .5°F 

43°F 

46°F 

46°F 

57°P 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

-5 

56 

50  . 

45 

107 

139 

80 

2 

-22 

60 

68 

70 

77 

98 

58 

3 

-34 

383 

596 

677 

615 

364 

232 

4 

-26 

335 

537 

605 

536 

304 

207 

5 

-33 

30 

45 

46 

50 

59 

50 

6 

-25 

36 

40 

48 

30 

53 

49 

7 

-31 

9 

29 

29 

79 

100 

78 

8 

-39 

21 

49 

48 

87 

97 

70 

9 

-35 

389 

650 

730 

649 

382 

259 

10 

-25 

255 

485 

543 

444 

225 

140 

1 1 

-40 

16 

33 

30 

16 

43 

35 

12 

-30 

28 

51 

50 

40 

70 

50 

13 

-37 

4 

20 

10 

132 

-830 

-1080 

14 

-30 

19 

29 

16 

139 

-740 

-1079 

15 

-21 

319 

515 

583 

545 

-480 

-970 

16 

-13 

295 

474 

535 

495 

-491 

-995 

17 

-12 

28 

35 

28 

18 

-690 

-1113 

18 

-12 

38 

47 

47 

39 

-672 

-1107 

19 

-10 

30 

40 

42 

270 

-571 

-1020 

20 

-5 

36 

55 

55 

301 

-545 

-995 

21 

-23 

289 

451 

519 

457 

-433 

-972 

22 

-15 

285 

435 

506 

445 

-428 

-977 

23 

-30 

-19 

25 

15 

10 

-675 

-1115 

24 

-30 

28 

31 

22 

6 

-630 

-1070 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  1  Station  364+00 

DATE  OF 

READING 

Oct. 27 
1958 

Nov  .4 
1958 

Nov  .5 

1958 

Nov  .5 

1958 

Nov  .5 

1958 

Nov  .5 

1958 

Nov  .6 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

27 

35.5 

35.9 

36.0 

36.3 

36.4 

37.3 

AIR 

TEMPERATURE 

42  °F 

0 

25  F 

25°F 

32°F 

52°F 

38°F 

51°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

245 

195 

225 

211 

205 

175 

181 

2 

158 

206 

244 

198 

170 

201 

205 

3 

783 

854 

1041 

984 

568 

670 

457 

4 

685 

743 

915 

866 

505 

578 

314 

5 

138 

160 

192 

157 

142 

155 

196 

6 

130 

155 

173 

146 

140 

155 

190 

7 

189 

197 

240 

206 

191 

191 

223 

8 

153 

192 

227 

198 

175 

188 

220 

9 

850 

980 

1168 

1108 

648 

754 

512 

10 

570 

599 

755 

705 

406 

473 

327 

1 1 

100 

140 

170 

132 

133 

150 

170 

12 

115 

153 

187 

150 

146 

160 

183 

13 

-760 

0 

99 

69 

19 

27 

20 

14 

-692 

30 

82 

62 

11 

26 

27 

15 

-225 

545 

6$7 

661 

338 

402 

214 

16 

-290 

464 

585 

565 

274 

333 

163 

17 

-822 

-102 

-72 

-92 

-102 

-100 

-72 

18 

-777 

-81 

-51 

-74 

-83 

-76 

-62 

19 

-515 

140 

242 

222 

65 

73 

30 

20 

-475 

165 

170 

259 

87 

105 

44 

21 

-263 

419 

552 

527 

221 

279 

121 

22 

-295 

385 

515 

494 

201 

250 

110 

23 

-820 

-120 

-105 

-107 

-137 

-125 

-95 

24 

-760 

-84 

-60 

-80 

-101 

-88 

-64 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  I  Station  364+00 

DATE  OF 
READING 

Nov. 13 
1958 

Nov. 27 
1958 

Nov. 27 
1958 

Nov. 28 
1958 

Nov  .28 
1958 

Dec  .5 
1958 

Dec  .5 

1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

44.3 

58 

58.5 

58.7 

58.8 

66.2 

66.4 

AIR 

TEMPERATURE 

30°P 

9°F 

22°P 

21°F 

25°F 

5.5°F 

-1°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

255 

305 

215 

205 

145 

315 

295 

2 

294 

328 

228 

228 

348 

328 

3 

903 

1774 

1213 

1153 

703 

1468 

1503 

4 

807 

1563 

1095 

1055 

765 

1310 

1325 

5 

251 

305 

240 

210 

190 

325 

305 

6 

223 

276 

130 

90 

50 

295 

275 

7 

309 

467 

299 

219 

59 

499 

484 

8 

286 

438 

378 

368 

28 

458 

458 

9 

969 

1848 

1240 

1190 

1160 

1550 

1595 

10 

715 

1430 

875 

795 

855 

1195 

1210 

1 1 

230 

227 

170 

130 

140 

265 

230 

12 

238 

255 

190 

170 

150 

275 

260 

13 

122 

556 

230 

420 

460 

510 

540 

14 

108 

538 

198 

398 

398 

518 

538 

15 

547 

1387 

675 

845 

835 

1175 

1225 

16 

483 

1285 

595 

775 

785 

1085 

1135 

17 

-64 

138 

-152 

48 

118 

128 

138 

18 

-22 

182 

-142 

58 

88 

168 

178 

19 

250 

889 

380 

550 

590 

810 

840 

20 

284 

915 

455 

635 

615 

825 

865 

21 

430 

1177 

527 

697 

737 

977 

1037 

22 

403 

1151 

485 

655 

725 

955 

1005 

23 

-62 

115 

-165 

35 

75 

105 

105 

24 

-32 

149 

-140 

70 

100 

140 

145 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  I  Station  364+00 

DATE  OF 
READING 

Jan  .22 
1959 

Jan  .22 
1959 

Feb. 10 
1959 

AGE  OF 
PAVEMENT 

IN  DAYS 

113-7 

114.3 

133 

AIR 

TEMPERATURE 

2°F 

4°F 

-5°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

345 

330 

405 

2 

378 

368 

338 

3 

5683 

5453 

5943 

4 

3075 

2970 

3345 

5 

1355 

1150 

1520 

6 

1215 

1050 

1360 

7 

659 

609 

729 

8 

613 

568 

688 

9 

- 

_ 

- 

10 

6360 

6078 

6955 

11 

1200 

990 

1370 

12 

1150 

960 

1320 

13 

680 

645 

750 

14 

648 

608 

718 

15 

- 

- 

- 

16 

- 

- 

- 

17 

908 

798 

1028 

18 

953 

828 

.1078 

19 

925 

800 

1040 

20 

945 

825  ■ 

1050 

21 

8197 

8022 

8345 

22 

8730 

8650 

8985 

23 

■435 

395 

475 

24 

470 

430 

520 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  1  Station  364+00 

DATE  OF 
READING 

Sept  .3C 

1958 

i  Sep  30 
1958 

Oct  .1 
1958 

Oct  .1 

1958 

Oct  .1 
1958 

Oct  .2 
1958 

Oct. 2 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0.1 

0.3 

1.1 

1.3 

1 .4 

2.1 

2.3 

AIR 

TEMPERATURE 

57°F 

48°F 

48°F 

64°F 

53°P 

65°f 

75°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

2 

3 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

47.5 

52.8 

52.8 

67.6 

64.5 

59.0 

71.6 

2 

52.0 

53.4 

53.5 

69.0 

64.0 

62.0 

75-5 

3 

52.0 

52.4 

54.0 

69.5 

61 .5 

66.0 

75-5 

4 

52 

53.4 

54.8 

69.0 

64.0 

62.4 

74.8 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  I  Station  364*00 

• 

DATE  OF 
READING 

Oct  .7 
1958 

Oct  .8 
1958 

Oct  .9 
1958 

Oct. 13 
1958 

Oct. 20 
1958 

Oct. 27 
1958 

Nov  .4 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

7 

8 

9 

13.4 

20.3 

27 

35-25 

AIR 

TEMPERATURE 

50.5°f 

43°F 

46°F 

46°F 

57°F 

42°F 

48°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0154 

.0238 

2 

.0197 

• 

.0326 

3 

.0197 

.0329 

4 

.0183 

.0334 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

4g.O 

46.7 

35.2 

39.0 

47 

34.2 

38 

2 

49.0 

46.2 

35.2 

38.5 

49 

34.2 

39.5 

3 

50.6 

48.0 

40.0 

38.5 

51 

35.1 

41.5 

4 

49.0 

47.2 

36.0 

38.5 

47 

35.1 

40.0 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

8! 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  I  Station  364+00 

DATE  OF 
READING 

Nov. 4 

1958 

Nov  .4 
1958 

Nov  .5 
1958 

Nov  .5 

1958 

Nov  .5 

1958 

Nov  .5 
1958 

Nov  .6 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

35.25 

35.5 

35.9 

36.0 

36.3 

36.4 

37.3 

AIR 

TEMPERATURE 

44°F 

0 

33  F 

0 

25  F 

32°f 

52°F 

36°F 

51°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0204 

.0294  . 

0338 

.0336 

.0209 

.0238 

.016 

2 

.0266 

.0421 

3 

.0266 

.0410 

4 

.0348 

.0312  . 

0440 

.0431 

.0295 

,0330 

.0228 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

38 

32 

23.0 

31.2 

38.5  . 

36.8 

47.8 

2 

39.5 

30.8 

25.0 

29.9 

40.8 

36.8 

47.8 

3 

41 .5 

30.0 

26.5 

29.2 

42.3 

39.0 

47.8 

4 

40.0 

30.8 

24.5 

29.9 

40.3 

36.8 

47.8 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  Station  364*00 

DATE  OF 
READING 

Nov  .13 
1958 

Nov. 27 
1958 

Nov. 27 
1958 

Nov. 27 
1958 

Nov  .28 
1958 

Nov. 28 
1958 

Nov. 28 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

44.3 

58 

58.2 

58.5 

58.7 

58.8 

59.0 

AIR 

TEMPERATURE 

30°P 

10°F 

l6°P 

19  -501 

p  l4°p 

25°P 

27°P 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0252 

.0415 

.0355 

.0340 

.0340 

.0325 

2 

.0323 

.0544 

.0451 

.0445 

.0433 

.0419 

3 

.0325 

.0480 

.0401 

.0418 

4 

.0243 

.0519 

.0444 

.0441 

.0439 

.0412 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

15.0 

11.5 

18.8 

16.5 

2 

15.5 

11.5 

18.8 

16.5 

3 

15.5 

11.5 

19.6 

16.5 

4 

15.5 

11.5 

18.8 

16.5 
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7 

8 

9 

10 

1 1 

12 
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14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  I  Station  364+00 

DATE  OF 
READING 

Nov  .28 
1958 

Nov  .28 
1958 

Nov  .28 
1958 

Nov. 28 
1958 

Nov. 29 
1958 

Nov .29 

1958 

Dec  .5 

1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

59.2 

59-3 

59-4 

59-6 

59.8 

60 

66 

AIR 

TEMPERATURE 

38°P 

30°P 

30°P 

29°F 

28°F 

27°p 

5.5°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0292 

.0262 

.0264 

.0276 

.0449 

2 

.0366 

.0330 

•0336 

.0480 

3 

.0330 

.0337 

.0360 

.0479 

4 

.0380 

.0348 

.0352 

.0366 

.0456 

5 

6 

7 

8 

f 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

21 

24.5 

23 

24 

23.0 

22.0 

4.5 

2 

23 

24.5 

26 

24.5 

23.0 

22.5 

4.5 

3 

21 

22.5 

26 

24.5 

23.0 

22.5 

5-0 

4 

21.5 

25.0 

27.5 

24.5 

23.0 

22.5 

5.0 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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- — - ; - - 

INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  ^7-2 

Location  I  Station  364+00 

DATE  OF 

READING 

Dec  .5 

1958 

Jan  .22 
1959 

Jan.  22 
1959 

Feb. 10 
1959 

Mar .  7 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

66.4 

113.7 

114.3 

133 

158 

AIR 

TEMPERATURE 

-1°F 

0°F 

4°F 

-5°F 

37°p 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0464 

.0815 

.0837 

.039 

2 

.0461 

.0810 

.0832 

3 

.0500 

.0800 

.0827 

4 

.0475 

.0719 

.0742 

.026 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

0.5 

-1.0 

4.0 

-1 .0 

2 

1.5 

-2.0 

4.0 

-2.5 

3 

2.5 

-1 .0 

4.0 

-4.0 

4 

1.5 

-2.0 

4.0 

-2.5 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  II  Station  357+00 

DATE  OF 
READING 

Oct  .1 

1958 

Oct  .2 

1958 

Oct  .2 
1958 

Oct  .3 

1958 

Oct  .3 

1958 

Oct  .4 
1958 

Oct  .7 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

0.24 

0.83 

1 .0 

1.8 

2.1 

3.2 

5.8 

AIR 

TEMPERATURE 

0 

55  F 

71°F 

78  .5°F 

74°f 

48.5°B 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

15 

2 

-98 

8 

-57 

42 

92 

2 

33 

7 

-48 

29 

-29 

67 

120 

3 

25 

22 

-63 

65 

-23 

92 

550 

4 

23 

18 

-32 

28 

-17 

58 

423 

5 

16 

7 

-80 

16 

-54 

57 

157 

6 

16 

18 

-67- 

19 

-42 

153 

176 

7 

33 

12 

-53 

28 

-13 

59 

90 

8 

20 

11 

-49 

13 

-14 

43 

71 

9 

27 

17 

-38 

23 

-11 

52 

643 

10 

26 

14 

-62 

30 

-22 

51 

550 

11 

31 

29 

-38 

34 

-6 

59 

104 

12 

25 

20 

-43 

32 

-13 

60 

124 

13 

38 

15 

-57 

35 

-15 

70 

87 

14 

26 

16 

-49 

17 

-11 

51 

85 

15 

25 

8 

-75 

25 

-20 

58 

581 

16 

25 

12 

-65 

20 

-20 

52 

550 

17 

30 

15 

-50 

24 

-8 

57 

69 

18 

28 

13 

-47 

23 

-2 

63 

83 

19 

35 

7 

-58 

19 

-20 

82 

115 

20 

35 

7 

-65 

7 

-30 

77 

110 

21 

28 

20 

-57 

31 

-10 

65 

542 

22 

18 

20 

-55 

23 

-10 

48 

494 

23 

27 

15 

-65 

22 

-77 

65 

105 

24 

48 

67 

-43 

23 

+48 

78 

163 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type 

Location  Station 


DATE  OF 

READING 

Oct  .8 
1958 

Oct  .9 
1958 

Oct. 10 
1958 

Oct  .14 

1958 

Oct. 21 
1958 

Oct .28 
1958 

Nov  .5 

1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

6.8 

7.85 

8.8 

13 

20 

27 

35 

AIR 

TEMPERATURE 

38°F 

38°F 

30°F 

69°F 

43°F 

0 

53  F 

43°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

122 

233 

321 

104 

332 

147 

4o4 

2 

116 

274 

382 

101 

342 

147 

468 

3 

697 

634 

797 

212 

688 

417 

817 

4 

479 

388 

528 

58 

478 

228 

576 

5 

160 

206 

,275 

92 

232 

207 

342 

6 

190 

217 

295 

107 

263 

213 

381 

7 

80 

66 

145 

45 

127 

127 

212 

8 

71 

43 

140 

31 

120 

121 

203 

9 

717 

702 

847 

220 

726 

427 

947 

10 

629 

607 

727 

159 

629 

339 

812 

1 1 

78 

79 

151 

60 

- 

134 

227 

12 

113 

105 

185 

80 

- 

155 

267 

13 

179 

95 

136 

35 

114 

85 

189 

14 

83 

89 

140 

30 

ill 

86 

183 

15 

660 

625 

735 

159 

650 

350 

818 

16 

618 

600 

693 

141 

612 

285 

735 

17 

59 

89 

129 

40 

99 

90 

172 

18 

74 

91 

135 

48 

108 

88 

179 

19 

109 

36 

194 

24 

152 

107 

229 

20 

112 

136 

187 

25 

148 

97 

222 

21 

618 

580 

780 

153 

610 

365 

774 

22 

554 

527 

628 

125 

564 

318 

706 

23 

87 

104 

152 

8 

115 

95 

205 

24 

583 

233 

231 

21 

281 

93 

251 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  ®7-2 

Location  II  Station  357+00 

DATE  OF 

READING 

Nov. 13 
1958 

Nov. 27 
1958 

Nov. 27 
1958 

Dec  .5 

1958 

Dec  .5 

1958 

Jan  .22 

1959 

Jan  .22 
1959 

AGE  OF 
PAVEMENT 

IN  DAYS 

43 

56.9 

57.5 

65.0 

65.2 

112.7 

113.2 

AIR 

TEMPERATURE 

30°P 

1°P 

21°P 

8°P 

0 

1 H 

1 

0°F 

4°P 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

412 

916 

552 

812 

802 

1087 

957 

2 

486 

984 

592 

892 

892 

1152 

1042 

3 

807 

1997 

1097 

1292 

1287 

_ 

4 

606 

1189 

777 

1052 

1037 

2908 

2848 

5 

355 

682 

457 

662 

647 

1257 

1137 

6 

380 

728 

208 

698 

693 

1308 

1188 

7 

222 

287 

-193 

287 

277 

317 

287 

8 

209 

276 

201 

286 

271 

321 

271 

9 

967 

1917 

1347 

1692 

1697 

10337 

10112 

10 

851 

1752 

1119 

1529 

1519 

— 

— 

1 1 

223 

739 

489 

724 

704 

974 

00 

VO 

VO 

12 

256 

800 

565 

770 

755 

1045 

965 

13 

183 

175 

125 

195 

185 

265 

245 

14 

173 

184 

111 

201 

191 

266 

236 

15 

815 

1681 

1140 

1490 

1500 

14075 

13825 

16 

772 

1553 

1030 

1370 

1370 

14495 

14270 

17 

176 

317 

250 

335 

330 

465 

440 

18 

173 

333 

223 

353 

347 

483 

458 

19 

225 

392 

212 

382 

372 

922 

802 

20 

219 

375 

277 

372 

357 

897 

782 

21 

755 

1475 

1025 

1315 

1315 

- 

22 

634 

2328 

- 

1253 

1288 

- 

- 

23 

195 

219 

145 

235 

215 

355 

315 

24 

179 

253 

- 

283 

363 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  II  Station  357+00 

DATE  OF 

READING 

Feb. 1C 
1959 

1 

AGE  OF 
PAVEMENT 

IN  DAYS 

133 

AIR 

TEMPERATURE 

-6°F 

SR-4  STRAIN  GAGES  (MICRO-IN. /IN.) 

Gage  No.  1 

1202 

2 

1252 

3 

-- 

4 

2908 

5 

1417 

6 

1468 

7 

357 

8 

351 

9 

10512 

10 

-- 

1 1 

1214 

12 

1315 

13 

415 

14 

421 

15 

14300 

16 

14720 

17 

510 

18 

533 

19 

1032 

20 

1027 

21 

_ 

22 

— 

23 

405 

24 

523 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  II  Station  357+  00 

DATE  OF 
READING 

Oct  .1 
1958 

Oct  .2 

1958 

Oct. 2 
1958 

Oct. 7 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0.24 

0.83 

1 .0 

5.8 

AIR 

TEMPERATURE 

55°F 

0 

71  F 

78 ,5°l 

} 

48.5°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

2 

3 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

58.6 

61.6 

72.0 

47.7 

2 

58.7 

65.5 

74.8 

48.3 

3 

58.7 

71.6 

78.5 

48.3 

4 

58.9 

65.5 

76.5 

48.7 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  II  Station  357+00 

DATE  OF 
READING 

Oct  .8 
1958 

Oct. 9 
1958 

Oct  .10 

1958 

Oct. 14 
1958 

Oct. 21 
1958 

Oct .28 
1958 

Nov  .5 

1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

6.8 

7-9 

8.8 

13 

20 

27 

35 

AIR 

TEMPERATURE 

38°P 

38°f 

30°P 

69°F 

43°F 

53°F 

43°P 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0256 

.0181 

3.0358 

2 

.0166 

.0133 

3 .0270 

3 

.0331 

.0222 

3. 0368 

4 

.0272 

.0201 

3.0453 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

41 

36.2 

37 

53.0 

36.5 

48 

31 

2 

42 

35.3 

35.5 

57.5 

37-5 

48.5 

33.8 

3 

41 

37.0 

33.5 

61.5 

38.0 

4q„0 

36.0 

4 

42.5 

35-0 

32.3 

54.0 

38.4 

47.5 

32.8 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  II  Station  357*00 

DATE  OF 
READING 

Nov .13 
1958 

Nov. 27 
1958 

Nov. 27 
1958 

Nov. 27 
1958 

Nov. 27 
1958 

Nov .28 
1958 

Nov. 28 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

43 

56.9 

57.1 

57-3 

57.5 

57.7 

57-8 

AIR 

TEMPERATURE 

30°F 

4°P 

l4°F 

17°F 

18.5° 

0 

21  F 

0 

24  F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0316 

.0613 

.0543 

.054 

.0505 

.0480 

2 

.0244 

.0649 

.0535 

.057 

.0566 

.0465 

3 

.0334 

.0781 

.0668 

.0550 

4 

.0338 

.0699 

.0610 

.0615 

.0580 

.0550 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

14 .0 

16.5 

17.0 

15.5 

2 

13.5 

16.5 

17.0 

15.5 

3 

15.0 

16.5 

18.0 

15.5 

4 

15 .0 

16.5 

18.0 

15.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

§ 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  II  Station  357+00 

DATE  OF 

READING 

Nov .28 
1958 

Nov  .28 
1958 

Nov. 28 
1958 

Nov. 28 
1958 

Nov. 29 
1958 

Nov. 29 
1958 

Dec  .5 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

57.9 

58.1 

58.1 

58.2 

58.6 

58.7 

65.1 

AIR 

TEMPERATURE 

32°F 

26°F 

27°F 

24°F 

28°F 

27°F 

8°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0451 

.0392 

.0394 

.0409 

.0505 

2 

.042 

.0346 

.0348 

.0373 

.0589 

3 

.0506 

.0431 

.0435 

.0461 

.068 

4 

.0509 

.0438 

.0441 

.046 

.0636 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

17.0 

24.5 

20.0 

23.5 

24.0 

24.5 

8.0 

2 

19.0 

27.0 

22.5 

23.5 

24.5 

24  .5 

5-5 

3 

19.5 

26.5 

22.5 

23.0 

24.5 

24.5 

3.0 

4 

19.0 

23.0 

23.0 

23.0 

24.5 

24.5 

3.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

ID-2 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-2 

Location  II  Station  357+00 

DATE  OF 

READING 

Dec  .5 

1958 

Jan  .22 
1959 

Jan  .22 
1959 

Feb. 10 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

65.2 

112.7 

113.2 

133 

AIR 

TEMPERATURE 

-1°F 

0°F 

4°F 

-5°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0561 

.1097 

0.1170 

2 

.0601 

0II9O 

0.1290 

3 

.0695 

4 

.0651 

.0955 

.0981 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

9 

0.0 

4.0 

-2.0 

2 

4 

-1 .0 

1.0 

-6.0 

3 

2.5 

-3.5 

0.5 

-5.0 

4 

3.5 

-1.5 

0.5 

-4.0 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

ID-2 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-1 

Location  III  Station  334+00 

DATE  OF 
READING 

Oct  .7 
1958 

0ot  .7 
1958 

Oct. 8 
1958 

Oct  .8 
1958 

Oct  .9 
1958 

Oct  .10 
1958 

Oct  .11 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

0.62 

0.9 

1.7 

2 

2.8 

3.7 

4.6 

AIR 

TEMPERATURE 

45°F 

59  •50p 

38°P 

35°F 

38°P 

29°F 

32°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

2 

3 

-5 

-54 

15 

38 

114 

161 

215 

4 

-4 

-6l 

8 

38 

133 

154 

244 

5 

-7 

-91 

1 

21 

48 

179 

96 

6 

-10 

-93 

-9 

15 

40 

79 

88 

7 

-5 

-90 

-8 

-2 

37 

68 

79 

8 

0 

-97 

-3 

-1 

42 

68 

97 

9 

32 

-85 

1 

2 

80 

221 

262 

10 

22 

-107 

-1 

2 

173 

232 

232 

1 1 

18 

-106 

-9 

0 

54 

90 

100 

12 

6 

-114 

-7 

-2 

54 

91 

104 

13 

48 

-128 

-1 

10 

-21 

40 

95 

14 

31 

-166 

-27 

-12 

-42 

18 

68 

15 

44 

-150 

-21 

-8 

-10 

55 

116 

16 

19 

-152 

-23 

-12 

-21 

43 

97 

17 

26 

-164 

-34 

-4 

125 

346 

426 

18 

21 

-50 

+60 

+86 

132 

480 

355 

19 

18 

-165 

-40 

-9 

-49 

9 

76 

20 

20 

-168 

-32 

-8 

-32 

40 

94 

21 

27 

-167 

-29 

-11 

52 

63 

133 

22 

22 

-160 

-27 

-17 

56 

70 

149 

23 

27 

-160 

-35 

-9 

19 

30 

100 

24 

- 

- 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-1 

Location  III  Station  334+00 

DATE  OF 

READING 

Oct. 13 
1958 

Oct. 14 
1958 

Oct. 15 
1958 

Oct  .16 
1958 

Oct .20 
1958 

Oct. 27 
1958 

Nov. 3 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

7 

8 

8.8 

9.8 

14 

20.7 

27.8 

AIR 

TEMPERATURE 

4l°F 

69°F 

43°p 

58°F 

55°P 

46°F 

4l°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

2 

3 

215 

136 

340 

760 

295 

860 

696 

4 

168 

504 

283 

353 

183 

549 

584 

5 

69 

158 

78 

101 

40 

79 

28 

6 

60 

25 

70 

110 

45 

100 

41 

7 

50 

26 

72 

110 

50 

110 

56 

8 

57 

46 

96 

107 

62 

122 

97 

9 

160 

130 

275 

325 

215 

700 

507 

10 

163 

122 

263 

313 

194 

598 

409 

1 1 

80 

48 

112 

140 

65 

125 

70 

12 

77 

52 

116 

146 

66 

126 

73 

13 

40 

39 

87 

125 

-39 

160 

31 

14 

18 

18 

48 

88 

-62 

118 

-22 

15 

44 

31 

85 

127 

10 

524 

262 

16 

40 

33 

78 

133 

18 

558 

318 

17 

144 

104 

336 

418 

51 

476 

234 

18 

266 

188 

464 

560 

171 

595 

262 

19 

20 

18 

49 

98 

-81 

85 

-59 

20 

39 

0 

67 

113 

-68 

92 

-46 

21 

71 

18 

93 

138 

28 

593 

332 

22 

64 

25 

110 

150 

30 

675 

396 

23 

40 

-8 

75 

100 

-61 

95 

-30 

24 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-1 

Location  III  Station  33^+00 

DATE  OF 

READING 

Nov  .4 
1958 

Nov  .5 

1958 

Nov  .5 

1958 

Nov  .5 

1958 

Nov  .5 

1958 

Nov  .6 
1958 

Nov. 13 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

28.7 

29.5 

29.7 

29.9 

30 

31 

37.8 

AIR 

TEMPERATURE 

22°F 

22°F 

33°F 

51°F 

38°F 

58°F 

29°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

T 

1  :  1  l - 

1 

2 

3 

932 

1001 

946 

755 

1137 

395 

945 

4 

628 

812 

790 

382 

451 

254 

636 

5 

69 

109 

109 

99 

107 

111 

131 

6 

86 

121 

130 

120 

128 

108 

140 

7 

102 

143 

146 

131 

140 

125 

160 

8 

118 

162 

158 

140 

149 

136 

175 

9 

870 

1107 

1050 

476 

580 

307 

775 

10 

692 

903 

868 

408 

483 

273 

693 

1 1 

116 

163 

152 

150 

142 

140 

170 

12 

117 

164 

158 

150 

160 

152 

167 

13 

111 

238 

237 

200 

210 

84 

250 

14 

58 

189 

170 

150 

158 

60 

192 

15 

539 

823 

779 

329 

399 

119 

64g 

16 

629 

923 

859 

369 

448 

130 

677 

17 

446 

698 

670 

351 

395 

174 

601 

18 

570 

810 

775 

474 

520 

297 

710 

19 

20 

150 

132 

114 

123 

18 

162 

20 

29 

160 

144 

132 

132 

31 

184 

21 

603 

913 

868 

383 

453 

160 

753 

22 

712 

1034 

996 

440 

530 

181 

840 

23 

149 

176 

170 

134 

140 

30 

189 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7 -1 

Location  III  Station  334+00 

DATE  OF 

READING 

Dec  .5 
1958 

Dec  .5 

1958 

Jan .22 
1959 

Jan  .22 
1959 

Feb. 10 
1959 

AGE  OF 
PAVEMENT 

IN  DAYS 

59.9 

60.0 

107.5 

108 

127 

AIR 

TEMPERATURE 

8°F 

-1°F 

0°F 

4°F 

-6°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

2 

3 

1965 

2380 

4 

1304 

1304 

5284 

4934 

5 

144 

134 

159 

109 

139 

6 

140 

185 

130 

110 

140 

7 

180 

170 

190 

130 

180 

8 

187 

192 

193 

157 

202 

9 

14S0 

1515 

4720 

4400 

4770 

10 

1383 

1398 

8783 

8483 

8833 

1 1 

220 

210 

210 

190 

230 

12 

196 

191 

186 

186 

211 

13 

365 

360 

440 

390 

490 

14 

308 

298 

358 

338 

398 

15 

1249 

1244 

1389 

1089 

1459 

16 

1232 

1233 

1368 

1078 

1428 

17 

1011 

1011 

1156 

936 

1206 

18 

ll4o 

1140 

1290 

1070 

1330 

19 

170 

165 

190 

145 

200 

20 

192 

157 

192 

162 

202 

21 

1363 

1358 

8803 

8483 

8833 

22 

1490 
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23 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-1 

Location  HI  Station  334+00 

DATE  OF 

READING 

Oct  .6 

1958 

Oct  .7 
1958 

Oct. 7 
1958 

Oct  .8 
1958 

Oct  .8 
1958 

Oct  .9 
1958 

Oct  .10 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0.1 

0.6 

0.9 

1.7 

2 

2.8 

3.7 

AIR 

TEMPERATURE 

51°F 

0 

45  F 

59.5°l 

’  38°F 

35°F 

38°F 

29°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

0 

0 

2 

3 

0 

0 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

50.4 

45 

58.5 

48.5 

48.0 

34.0 

36 

2 

50.4 

45 

63.0 

49.0 

49.5 

35.5 

36 

3 

50.4 

44 

61.5 

49.0 

^5.5 

38.5 

35 

4 

50.4 

45 

63.0 

49.0 

48 ,0 

40.0 

35.5 

5 

50.4 

45 

63.0 

48.5 

49.5 

40 .0 

36 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ass 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7-1 

Location  III  Station  334+00 

DATE  OF 

READING 

Oct  .11 
1958 

Oct. 13 
1958 

Oct  .14 
1958 

Oct  .15 
1958 

Oct  .16 
1958 

Oct.  20 
1958 

Oct. 27 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

4.6 

7 

8 

8.8 

9.8 

14 

20.7 

AIR 

TEMPERATURE 

32°F 

4l°F 

69°F 

43°F 

58°F 

55°F 

46°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

0 

.0130 

2 

3 

0.0009 

.0134 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

34.5 

43.5 

53 

43.5 

42.0 

47.6 

34.0 

2 

34.5 

44.0 

56 

43.5 

41.5 

49.5 

36.0 

3 

33.0 

44.5 

59 

43.0 

41.0 

52.4 

39.5 

4 

34 .0 

44.0 

56 

42.5 

41.5 

53.6 

36.5 

5 

34.0 

48.5 

34.8 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7  - 1 

Location  III  Station  334+00 

DATE  OF 

READING 

Nov  .3 
1958 

Nov  .4 
1958 

Nov  .5 

1958 

Nov. 5  1 
1958 

tfov  .5 

1958 

Nov  .5 

1958 

Nov  .6 

1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

27.8 

28.7 

29.5 

29.7 

29.9 

30.0 

31 

AIR 

TEMPERATURE 

4l°F 

22°F 

22°F 

33°P 

51°F 

38°F 

58°f 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0132 

.020f: 

!  .0251 

.0232 

.0106 

.0133 

.0056 

2 

3 

.0117 

.020$ 

5  .0249 

.0228 

* .0104 

.0133 

.0056 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

41 .0 

34.4 

19.0 

30.0 

36.0 

37.0 

34.8 

2 

41.0 

33.5 

20.5 

30.0 

38.5 

36.5 

38.0 

3 

41 .6 

29.0 

23.0 

30.0 

40.8 

35  *2 

41.5 

4 

41 .0 

24.0 

19.0 

30.0 

38.0 

36.5 

38.0 

5 

41.0 

31.0 

21  .0 

29.6 

37.5 

35.2 

38.0 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B7  - 1 

Location  HI  Station  334+00 

DATE  OF 
READING 

Nov  .13 
1958 

Dec  .5 
1958 

•Dec  .5 
1958 

Jan.  22 
1959 

Jan-. 22 
1959 

Feb  .10 
1959 

Mar.  7 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

37.8 

59-9 

60.0 

107.5 

108 

127 

152 

AIR 

TEMPERATURE 

29°F 

8°F 

1°F 

0°F 

4°F 

-6°F 

35°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0137 

.0305 

.0313 

.0415 

.0585 

.0044 

2 

3 

.0153 

.0281 

.0287 

.0305 

.0322 

.0014 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

9-5 

4.5 

1.5 

7.5 

2.0 

2 

8 .0 

6.0 

0.5 

7.0 

0.5 

3 

7.0 

9.0 

-2.0 

6 .0 

-2.0 

4 

3.5 

6.5 

-2.0 

7.0 

c0.5 

5 

4.5 

6.5 

-2.0 

8.0 

-2.5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

a  t  c 

k:  '-.i 


240 


INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  IV  Station  311+50 

DATE  OF 

READING 

Oct. 15 
1958 

Oct  .16 
1958 

Oct  .17 
1958 

Oct  .18 
1958 

Oct  .20 
1958 

Oct .21 
1958 

Oct. 22 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

0.25 

1 .0 

2.0 

3 

5 

6 

7 

AIR 

TEMPERATURE 

6l°F 

46°F 

49°P 

48°P 

55°p 

42°P 

45°P 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

27 

119 

154 

84 

229 

221 

2 

-2 

148 

78 

35 

228 

353 

338 

3 

-37 

97 

38 

228 

197 

813 

788 

4 

5 

145 

93 

375 

236 

850 

830 

5 

-15 

105 

72 

42 

238 

360 

360 

6 

10 

_ 

_ 

_ 

_ 

- 

_ 

7 

-70 

135 

100 

-90 

115 

160 

182 

8 

-70 

135 

95 

-80 

130 

174 

195 

9 

-71 

116 

80 

199 

246 

665 

715 

10 

-60 

130 

50 

215 

255 

770 

754 

1 1 

-58 

129 

79 

40 

280 

379 

405 

12 

-50 

125 

70 

45 

276 

365 

395 

13 

-10 

140 

85 

56 

80 

200 

200 

14 

-5 

153 

95 

65 

84 

178 

195 

15 

-18 

160 

105 

162 

270 

402 

430 

16 

+15 

159 

96 

169 

271 

410 

432 

17 

+15 

153 

95 

137 

195 

334 

350 

18 

5 

140 

95 

135 

200 

345 

364 

19 

3 

l4l 

111 

76 

100 

206 

221 

20 

20 

142 

102 

63 

98 

190 

210 

21 

5 

139 

89 

242 

289 

575 

585 

22 

6 

142 

97 

266 

307 

622 

647 

23 

20 

156 

102 

72 
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215 

220 

24 

15 

145 

95 

65 

135 
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1 D-1 


II  f,  «;■ 
"  *  •3*'  v'H 


i  \  #\vl 

•  J  1 

■  IV1 U  /t  I 

5  iV  ;rr>-  j  ;“vi /.• 

swoa  — 

pj n  ‘A'ex  t 

c 

*  4  . 

nCfiaB 

ts 

VI 

noiifisoJ 

. 

12,  d  oO 

02, o oO 

, 

1 1 ,  X  oO 

■  '  1  a  8 

;  ~ri 

30  3TACI 

pan  r 

O  pp  r 

r 

3.^0  r 

Q  pp  r 

0MIOA35! 

v.,  \0.  — 

w  e 

;  2*'/  V.V  | 

O Q JL  | 

Yo'Ioa' . . ; 

d 

0,  S' 

0.  I 

02,0  i 

T143M3VAC1 

8YAQ  iH 

i  'w°p.li 

'7C-Ji 

CrO  O  ft 

.  O  •  \  ’  \ 

.  r0  ^ 

RiA 

1  C  * 

a  C.C 

1  Ur*  I 

u.  J.  C) 

smUTAS  3  clMd  T 

(Ml 

1IA^T2 

■  00c 

ISS 

P22 

88  j  8 3 1 

r 

V-- 

l"  .oH  9 9 6c)  ! 

&'CC 

£08 

822 

cc 

.  , 

•  SrX  i 

8oY 

0£ 

r . 

.  C*” 

O£o  _ 

038 

a£2 

8  t'c 

0 

0  | 

0d£ 

8£2 

qd 

. o'y . . 

r  '  , 

— 

[ _ ,l_J 

— 

_ 

ox 

Pol  | 

^ . OdXj 

"nr 

OP- 

001 

g£| 

0  0- 

l_je£l 

1 _ -^Tx  ; 

0£I 

- 

001 

3jy  1 

cdd  : 

082 

PQI 

I  08 

L . ,hbL±__ 

XV~  i 

. OYT  1 

.  X.C2 . _J 

-3  rn 

!  .  . 

00 

0£X  ; 

.  Od-  : 

i  _  fof 

■ .  y  £ 

i  08s 

00 

.  : 

or  i 

esc 

i .  C.dc  ; 

0  1 

■ 

!  OT 

■ 

l~  005  j 

OCX  ( 

08 

: 

001  . 

01- 

i  aorl 
! . 

. 88;  . . 

*N 

Q  0..’ , 

Tp^i" . 

!  M 

oys 

I . 001 . j 

0_ . 08l_ . ! 

.jf-  ! 

. 

rtCil  i 

XJ2 

i  -  q  Q 

j  df 

. 

[_J3c£_ 

i _ feej 

1 _ cs_±._  . 

. 

■  -  i 

x+ 

£ 

00  t 

g£ 

001 

- 

__  0 _ 1 

X  X  2 

ou2 

[  _oox 

xxx 

! . iJ 

. _____  j 

1  0X2 

OQX 

. 

oqx  | 

sou  i 

1  02 

02 

0  3 

8: 

03 . .  o£.X 

f£ 

[ . . 

SSd  1 

:  f  0£ 

i  od£ 

|  YQ 

1 - - — ~ 

201. 

r .  ”  S 

a 

S£ 

r  ogji 

ex 

L  201 

l  £T 

'  i 

- 

C 

;  g£ 

ppQ 

r  ~  t~  • 

;  CO-*- 

ea . 

1 . 8  0 

i  00  x 

L . 31 . 

I 

241 


INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  IV  Station  311+50 

DATE  OF 
READING 

Oct  .23 
1958 

Oct. 24 
1958 

Oct .25 
1958 

Oct. 27 
1958 

Nov  .5 

1958 

Nov.l- 

1958 

Dec  .5 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

8 

9 

10 

14 

21 

28 

31.25 

AIR 

TEMPERATURE 

55°P 

,48°F 

53°F 

48°F 

42°F 

29°F 

10°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

249 

329 

464 

499 

524 

529 

694 

2 

278 

388 

438 

478 

523 

550 

698 

3 

228 

578 

513 

758 

907 

991 

4923 

4 

260 

595 

525 

770 

906 

1027 

5005 

5 

290 

420 

450 

510 

542 

573 

745 

6 

_ 

„ 

_ 

_ 

_ 

7 

100 

245 

250 

330 

342 

370 

330 

8 

100 

265 

260 

335 

349 

380 

335 

9 

240 

605 

540 

775 

903 

970 

1420 

10 

275 

655 

570 

795 

928 

1000 

1475 

11 

280 

470 

490 

565 

601 

626 

805 

12 

280 

455 

470 

545 

574 

610 

755 

13 

130 

170 

150 

210 

236 

285 

260 

14 

135 

160 

155 

215 

217 

285 

265 

15 

340 

380 

385 

450 

480 

530 

615 

16 

340 

380 

380 

450 

474 

530 

600 

17 

255 

305 

325 

375 

400 

447 

530 

18 

265 

305 

315 

485 

421 

480 

435 

19 

156 

191 

191 

221 

251 

291 

271 

20 

160 

180 

170 

220 

- 

- 

21 

350 

500 

445 

540 

574 

600 

850 

22 

387 

547 

487 

597 

649 

671 

927 

23 

149 

180 

180 

210 

222 

238 

200 

24 

160 

180 

180 

225 

230 

261 

225 
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INSTRUMENTATION 

DATA 

TEST  ROAD 

-  BOWNESS,  ALBERTA 

Section  Type  B6 

-1 

Location 

IV 

Station 

3H+50 

DATE  OF 

READING 

Dec  .5 

1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

51.4 

AIR 

TEMPERATURE 

2°F 

SR-4  STRAIN  GAGES  (MICRO-IN. /IN.) 

Gage  No.  1 

684 

2 

698 

3 

4913 

4 

4990 

5 

765 

6 

— 

7 

345 

8 

340 

9 

1400 

10 

1460 

1 1 

825 

12 

785 

13 

270 

14 

275 

15 

620 

16 

610 

17 

445 

18 

475 

19 

291 

20 

-- 

21 

830 

22 

942 

23 

220 

24 

235 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  IV  Station  311 *50 

DATE  OF 

READING 

Oct  .15 

1958 

Oct .16 
1958 

;  oct.  11 
1958 

’Oct. 18 
1958 

Oct. 20 
1958 

Oct. 21 
1958 

Oct  .22 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0 

1 

2 

3 

5 

6 

7 

AIR 

TEMPERATURE 

,  o 

45  F 

46°F 

49°F 

50°F 

55°F 

42°F 

45°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

2 

3 

0.0105 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

46.5 

44.5 

46.8 

48.5 

51.5 

39.5 

38.0 

2 

51.0 

44.0 

46.4 

48.5 

4g.O 

38.0 

38.0 

3 

55.0 

45.0 

47.6 

48.5 

49.5 

38.5 

38.0 

4 

53.0 

46.0 

46.8 

48.5 

49.5 

38.5 

38.0 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

u  s 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  IV  Station  311+50 

DATE  OF 

READING 

Oct. 23 
1958 

Oct. 24 
1958 

Oct. 25 
1958 

Oct .29 
1958 

Nov  o5 

1958 

Nov  .13 

1958 

Dec  .5 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

8 

9 

10 

14 

21 

28 

51.2 

AIR 

TEMPERATURE 

55°F 

48°F 

53°F 

48°F 

42°F 

29°F 

51 .4 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

2 

3 

.0121 

.0186 

.0226 

.0197 

.0316 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

48.0 

43.5 

42.0 

40.0 

34.0 

10.0 

2 

46.5 

41.2 

40.0 

40.5 

31.5 

10.0 

3 

49.5 

43.5 

44.5 

41 .2 

38.0 

10.0 

4 

48.0 

41.2 

42.0 

41.2 

35.2 

10.0 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  IV  Station  311+50 

DATE  OF 

READING 

Dec  .5 
1958 

Peb  .1! 

1959 

)  Mar .7 

1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

51.4 

118 

143 

AIR 

TEMPERATURE 

2°F 

-5°F 

35°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

2 

3 

.0324 

.0445 

.018 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

3.5 

2 

4.5 

3 

2.0 

4 

3.5 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  V  Station  307+00 

DATE  OF 

READING 

Oct  .16 
1958 

Oct  .17 
1958 

Oct  .18 
1958 

Oct. 20 
1958 

Oct  .21 
1958 

Oct. 22 
1958 

Oct.  2; 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

0.25 

1 

2 

4 

5 

6 

7 

AIR 

TEMPERATURE 

0 

68  F 

490F 

6o°F 

54°F 

43°F 

45°F 

55°P 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

5 

360 

235 

42 

25 

-10 

-20 

2 

0 

332 

205 

10 

20 

-10 

-40 

3 

-4 

328 

180 

75 

619 

625 

+15 

4 

-6 

330 

181 

91 

611 

621 

+16 

5 

-9 

342 

180 

130 

203 

281 

-14 

6 

- 

- 

- 

- 

- 

- 

- 

7 

20 

371 

221 

-10 

-45 

-65 

-90 

8 

9 

359 

202 

-20 

-51 

+20 

-100 

9 

21 

349 

209 

159 

645 

660 

80  . 

10 

9 

352 

202 

140 

640 

650 

50 

1 1 

18 

358 

200 

15 

10 

-25 

-50 

12 

18 

339 

207 

18 

13 

-12 

-52 

13 

-5 

105 

135 

156 

255 

275 

193 

14 

-30 

75 

100 

121 

210 

220 

160 

15 

-10 

95 

118 

277 

725 

764 

295 

16 

-21 

112 

138 

285 

790 

840 

315 

17 

-12 

100 

110 

138 

232 

243 

190 

18 

-9 

102 

126 

147 

246 

251 

191 

19 

-24 

96 

136 

167 

246 

255 

205 

20 

-6 

109 

135 

190 

265 

270 

220 

21 

+2 

90 

122 

352 

842 

907 

367 

22 

-6 

107 

147 

360 

880 

958 

375 

23 

-11 

110 

149 

170 

241 

260 

210 

24 

0 

128 

155 

183 

250 

255 

220 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  V  Station  307*^00 


DATE  OF 

READING 

Oct.  24 
1958 

Oct. 25 
1958 

Oct. 30 
1958 

Nov  .6 
1958 

Nov. 13 
1958 

Dec  .5 

1958 

Dec  .5 

1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

8 

9 

14 

21 

28 

50.2 

50.3 

AIR 

TEMPERATURE 

45°F 

53°F 

54°F 

60°F 

29.5°F 

9°F 

5.5°F 

SR-4  STRAIN  GAGES  (MICRO-IN. /IN.) 

Gage  No.  1 

10 

0 

“25 

-31 

-105 

-I50 

-140 

2 

-1 

-20 

-55 

-88 

-109 

-140 

-110 

3 

610 

225 

95 

11 

632 

8760 

8655 

4 

6o6 

226 

41 

16 

611 

9096 

8971 

5 

201 

181 

101 

85 

121 

276 

281 

6 

- 

- 

- 

- 

- 

- 

- 

7 

-75 

-90 

-115 

-151 

-195 

-325 

-290 

8 

-80 

-100 

-130 

-161 

-200 

-310 

-305 

9 

635 

295 

120 

95 

695 

950 

885 

10 

622  - 

250 

85 

70 

651 

935 

870 

1 1 

-10 

-35 

-60 

-93 

-121 

-205 

-195 

12 

-2 

-22 

-42 

-80 

-107 

-202 

-192 

13 

310 

285 

264 

301 

365 

315 

335 

14 

270 

251 

240 

253 

309 

255 

270 

15 

795 

545 

415 

412 

947 

5480 

6385 

16 

830 

580 

450 

451 

1070 

5835 

6745 

17 

300 

280 

270 

280 

332 

295 

295 

18 

306 

281 

271 

292 

331 

261 

286 

19 

316 

291 

271 

295 

356 

296 

311 

20 

320 

300 

285 

294 

340 

300 

310 

21 

862 

587 

457 

449 

1089 

- 

- 

22 

905 

615 

465 

477 

ll6l  l 

0405  1 

0345 

23 

289 

290 

270 

283 

340 

2^0 

280 

24 

309 

300 

285 

298 

342 

2 

290 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  V  Station  307+00 

DATE  OF 

READING 

Jan .22 

1959 

Jan. 22 

1959 

AGE  OF 
PAVEMENT 

IN  DAYS 

97-8 

98.2 

AIR 

TEMPERATURE 

-1°F 

4°F 

SR-4  STRAIN  GAGES  (MICRO-IN. /IN.) 

Gage  No.  1 

-190 

-190 

2 

-l60 

-200 

3 

_  _ 

_ 

4 

-- 

-- 

5 

+221 

+191 

6 

_  _ 

_ 

7 

-355 

-380 

8 

-560 

-380 

9 

875 

+475 

10 

875 

+470 

1 1 

-235 

-265 

12 

-242 

-267 

13 

300 

280 

14 

230 

225 

15 

-- 

— 

16 

_  _ 

_ 

17 

240 

215 

18 

211 

216 

19 

256 

241 

20 

260 

240 

21 

— 

— 

22 

— 

— 

23 

235 

220 

24 

205 

230 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  V  Station  307^00 

DATE  OF 

READING 

3et.2j- 

1958 

Oct. 24 
1958 

Oct. 25 
1958 

Oct  .3C 
1958 

Nov  .6 

1958 

Nov. 13 
1958 

Dec  .5 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

7 

8 

9 

14 

21 

28 

50.2 

AIR 

TEMPERATURE 

55°F 

45°F 

0 

53  P 

54°F 

60°F 

29 .5°' 

0  9°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

-.0004 

_ 

cu 

0 

0 

0 

o| 

Aij 

O 

O 

° 

• 

O 

1 

-0.001 

-O.OOi; 

l  - 

2 

-  .006 

-0.0027 

-0.0056 

-0.0058 

-0.002' 

•  0.005^ 

j  .0297 

3 

.006 

.0111 

0.0092 

0 

0 

0 

o.oioe 

>  0.021' 

I-  .0430 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

47.2 

38.0 

35.5 

41 .5 

41.5 

6.0 

2 

48.0 

39.0 

39.0 

45.5 

45.0 

6 .0 

3 

51 .0 

40.5 

42.5 

49.-5 

50.5 

5.0 

4 

48.5 

40.0 

41 .0 

47.2 

46.8 

4.0 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  *6-1 

Location  V  Station  307+00 

DATE  OF 
READING 

Dec  .5 
1958 

Jan.  22 
1959 

Jan. 22 

1959 

Feb. 10 
1959 

Mar.  7 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

50.3 

97.8 

98.2 

117 

142 

AIR 

TEMPERATURE 

5.5°F 

-1°F 

+4°f 

-5°F 

35°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

-- 

— 

— 

2 

0.03 

0.038 

.034 

3 

0.043 

0.048 

7 

.0507 

.021 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

3.0 

-0.5 

4.0 

2 

5.0 

-0.5 

6.5 

3 

5.5 

-2.5 

6.0 

4 

3.0 

-2.5 

6.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  00-1 

Location  V  Station  307+00 

DATE  OF 

READING 

Oct  .16 
1958 

Oct  .16 
1958 

Oct. 17 
1958 

Oct  .18 
1958 

Oct .2C 
1958 

Oct.  23 
1958 

.  Oct. 2; 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0 

0.25 

1  .0 

2.0 

4 

5 

6 

AIR 

TEMPERATURE 

4l  F 

68°F 

49°F 

60°F 

54°p 

43°f 

45°f 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

-0.001 

2 

-0.007 

3 

0.0047 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

38.5 

58.0 

48.5 

52.0 

51.0 

40.0 

39-5 

2 

36.5 

67.2 

49.0 

52.4 

51 .0 

39.0 

39.5 

3 

36.5 

72.0 

49.0 

52.4 

50.5 

39.0 

39-5 

4 

36.5 

67.2 

^9.5 

52.8 

49.5 

39-5 

39.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  6-1 

Location  VI  Station  304+00 

DATE  OF 
READING 

Dot  .16 
1958 

Oct  .17 
1958 

Oct. 18 
1958 

Oct  .20 

1958 

Oct.  21 
1958 

Oct. 22 
1958 

Oct. 23 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0.25 

1 

2 

4 

5 

6 

7 

AIR 

TEMPERATURE 

63°F 

52°F 

54°F 

52°F 

45°F 

43°F 

53°p 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

254 

221 

249 

319 

384 

379 

314 

2 

-522 

60 

90 

150 

211 

190 

135 

3 

+457 

98 

88 

212 

688 

770 

178 

4 

-787 

62 

82 

160 

$55 

745 

150 

5 

306 

64 

81 

193 

336 

336 

231 

6 

161 

69 

94 

193 

338 

336 

228 

7 

244 

89 

115 

144 

191 

168 

131 

8 

-104 

71 

92 

122 

182 

152 

117 

9 

-525 

66 

96 

206 

598 

64l 

221 

10 

-269 

69 

99 

217 

575 

635 

235 

11 

+582 

73 

103 

192 

293 

293 

203 

12 

-20 

69 

100 

176 

289 

280 

200 

13 

-10 

50 

82 

110 

152 

150 

90 

14 

-15 

50 

80 

110 

154 

140 

75 

15 

-34 

41 

77 

190 

295 

300 

195 

16 

-11 

54 

88 

179 

284 

289 

189 

17 

-18 

39 

64 

131 

212 

212 

130 

18 

-37 

65 

72 

136 

223 

209 

143 

19 

-28 

45 

78 

99 

145 

140 

85 

20 

-19 

48 

85 

116 

156 

151 

86 

21 

-30 

55 

75 

122 

169 

147 

100 

22 

-11 

63 

101 

149 

224 

174 

124 

23 

0 

68 

98 

171 

245 

235 

180 

24 

-24 

46 

74 

154 

234 

234 

169 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  ^6-1 

Location  VI  Station  304+00 

DATE  OF 
READING 

Oct. 24 
1958 

Oct. 25 
1958 

Oct .3C 
1958 

Nov  .6 
1958 

Nov. 27 
1958 

Nov. 27 
1958 

Nov. 27 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

8 

9 

14 

21 

42 

42.2 

42.3 

AIR 

TEMPERATURE 

35°F 

55  °F 

66°F 

59°P 

0°F 

12°F 

12°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

374 

384 

374 

394 

540 

454 

154 

2 

195 

200 

220 

220 

258 

412 

138 

3 

868 

353 

233 

243 

- 

1911 

1548 

4 

835 

335 

220 

238 

- 

1880 

1737 

5 

341 

331 

331 

337 

1200 

801 

492 

6 

343 

327 

318 

329 

378 

850 

300 

7 

171 

176 

196 

196 

- 

268 

94 

8 

157 

152 

187 

185 

497 

292 

98 

9 

698 

371 

291 

287 

9684 

1252 

1072 

10 

680 

370 

300 

292 

- 

1232 

812 

1 1 

303 

268 

278 

270 

613 

553 

213 

12 

290 

270 

280 

275 

1060 

526 

301 

13 

140 

140 

170 

160 

88 

220 

40 

14 

135 

145 

175 

161 

445 

226 

43 

15 

310 

295 

295 

281 

2074 

650 

449 

16 

289 

289 

294 

284 

1755 

625 

479 

17 

210 

215 

240 

220 

1056 

456 

170 

18 

228 

223 

243 

233 

835 

462 

94 

19 

135 

140 

175 

152 

495 

232 

90 

20 

140 

146 

176 

164 

506 

246 

69 

21 

150 

165 

180 

363 

3548 

291 

112 

22 

164 

164 

194 

183 

4624 

264 

-51 

23 

240 

230 

255 

250 

220 

471 

l4o 

24 

229 

224 

249 

241 

-126 

: 

262 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  ^6-1 

Location  VI  Station  304+00 

DATE  OF 
READING 

Nov. 27 
1958 

Nov. 27 
1958 

Nov. 28 
1958 

Nov. 29 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

42.5 

42.6 

42.8 

43.9 

AIR 

TEMPERATURE 

12°P 

21°F 

19°F 

22°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

284 

304 

314 

104 

2 

252 

240 

270 

-50 

3 

1628 

1598 

1548 

1138 

4 

1710 

1680 

1680 

1300 

5 

635 

651 

691 

361 

6 

548 

538 

628 

318 

7 

56 

76 

146 

62 

8 

125 

182 

82 

142 

9 

1064 

1086 

1126 

836 

10 

1015 

1010 

1120 

760 

11 

411 

453 

493 

383 

12 

3  66 

430 

440 

330 

13 

86 

120 

150 

40 

14 

85 

115 

165 

-5 

15 

489 

525 

545 

365 

16 

459 

509 

519 

389 

17 

287 

320 

380 

160 

18 

282 

293 

367 

203 

19 

50 

80 

140 

80 

20 

66 

136 

136 

136 

21 

98 

150 

180 

160 

22 

104 

134 

184 

94 

23 

308 

340 

400 

290 

24 

324 

364 

404 

304 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  86-1 

Location  VI  Station  3044-00 

DATE  OF 

READING 

Oct  .16 

1958 

Oct  .16 

1958 

Oct. 17 

1958 

Oct. 18 
1958 

Oct. 20 
1958 

Oct .21 
1958 

Oot  .22 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0 

0.25 

1 

2 

4 

5 

6 

AIR 

TEMPERATURE 

53°F 

63°f 

O 

52  F 

54°F 

52°F 

45°f 

43°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0030 

2 

.0024 

3 

.0022 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

50.5 

60.5 

30.0 

48.5 

49.0 

39.5 

40.0 

2 

56  .4 

65 .0 

50.5 

49.0 

49.0 

39.0 

40.0 

3 

56.8 

69.5 

52.5 

50.0 

49.0 

41 .2 

40.0 

4 

56.0 

64.0 

52.0 

50.0 

49.0 

40.0 

40.0 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  6-1 

Location  VI  Station  304+00 

DATE  OF 

READING 

Oct. 23 
1958 

Oct. 24 
1958 

Oct. 25 
1958 

Oct .30 

1958 

Nov  .6 

1958 

Nov  .13 

1958 

Nov. 27 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

7 

8 

9 

14 

21 

22 

41 

AIR 

TEMPERATURE 

53°p 

0 

35  F 

53°F 

66°F 

59°F 

38°F 

0°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0042 

.0075 

.0060 

.0088 

.0188 

2 

.0038 

.0072 

.0051 

.0064 

.0167 

3 

.0040 

.0049 

.0039 

.0059 

.0094 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

50.0 

38.0 

41.5 

46.0 

41 .0 

2 

51 .0 

36.5 

44.0 

49.0 

43.0 

3 

52.5 

37.5 

48.0 

55.5 

46.0 

4 

51 .0 

37.5 

44.0 

49.0 

42.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

»?.s 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  ^6-1 

Location  VI  Station  304+00 

DATE  OF 

READING 

Nov. 27 
1958 

Nov. 27 
1958 

Nov. 27 

1958 

Nov. 27 
1958 

Nov  .26 
1958 

Nov  ,2i 
1958 

(Nov. 28 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

42.2 

42.3 

42.5 

42.6 

42.8 

42.9 

43.0 

AIR 

TEMPERATURE 

12°F 

l— 1 

ro 

0 

12°F 

O 

1— 1 

C\J 

19°F 

27°F 

31°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0456 

.0436 

2 

.032 

.031 

0.024 

3 

.020 

.020 

0.015 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

12.0 

11.5 

12.0 

15.0 

20.0 

2 

12.5 

11.5 

12.0 

15.0 

22.0 

3 

13.0 

11.5 

12.0 

15.0 

24.0 
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>  '-j  , 

15.5 

11.5 

12.0 

15.0 

22.0 
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10 

1 1 
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15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  36-1 

Location  VI  Station  304+00 

DATE  OF 
READING 

Nov. 28 
1958 

Nov. 28 
1958 

Nov. 28 
1958 

Nov  .28 
1958 

Nov  .26 

1958 

Feb.lC 

1959 

; 

AGE  OF 

PAVEMENT 

IN  DAYS 

43.2 

43.3 

43.5 

43.6 

43.9 

117 

AIR 

TEMPERATURE 

3l°p 

29°P 

24  F 

27°F 

22°P 

-6°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

2 

.018 

.019 

.023 

.0423 

3 

.013 

.013 

.014 

.0215 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

21.5 

23.0 

O 

O 

CM 

CM 

23.5 

24.0 

2 

23.5 

25.5 

22.0 

23.5 

24.0 

3 

26.0 

28.5 

22.0 

23.5 

24.0 

4 

24.0 

25  .5 

22.0 

23.5 

24.0 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  VII  Station  303+00 

DATE  OF 

READING 

Oct  .16 
1958 

Oct  .17 
1958 

Oct. 18 
1958 

Oct. 21 
1958 

Oct .22 
1958 

Oct. 23 
}958 

Oct  .2^ 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

0.3 

1 

2 

5 

6 

7 

8 

AIR 

TEMPERATURE 

65°F 

54°F 

56°F 

46°F 

0 

44  F 

54°F 

34°F 

SR-4  STRAIN  GAGES  (MICRO-IN. /IN.) 

Gage  No.  1 

-11 

45 

39 

200 

195 

140 

210 

2 

-5 

25 

57 

214 

200 

115 

205 

3 

-50 

49 

68 

580 

700 

122 

800 

4 

-4 

45 

65 

555 

675 

111 

765 

5 

-7 

43 

57 

218 

223 

116 

233 

6 

0 

45 

62 

212 

217 

112 

217 

7 

5 

94 

35 

125 

50 

63 

110 

8 

0 

40 

55 

155 

120 

70 

110 

9 

14 

43 

54 

624 

665 

168 

785 

10 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  VII  Station  303+00 

DATE  OF 

READING 

Oot .25 
1958 

Oot. 25 
1958 

Oct  .30 

1958 

Nov. 4 
1958 

Nov  .5 
1958 

Nov  .5 

1958 

Nov  .5 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

9.1 

9-3 

14 

19 

19.8 

20.0 

20.3 

AIR 

TEMPERATURE 

55°F 

50°F 

68°F 

23°F 

22°F 

37°F 

53°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

225 

115 

215 

270 

310 

308 

267 

2 

225 

115 

235 

273 

307 

308 

285 

3 

270 

172 

185 

862 

1083 

957 

392 

4 

260 

175 

175 

840 

1057 

927 

382 

5 

233 

109 

243 

287 

335 

325 

288 

6 

232 

107 

237 

278 

322 

313 

281 

7 

135 

90 

165 

165 

196 

197 

201 

8 

135 

100 

160 

158 

188 

196 

190 

9 

295 

205 

235 

797 

1016 

954 

421 

10 

304 

183 

234 

1042 

1284  ] 

,144 

532 

1 1 

125 

85 

160 

185 

213 

210 

193 

12 

103 

83 

148 

147 

173 

173 

164 

13 

150 

140 

185 

180 

209 

208 

204 

14 

162 

142 

202 

205 

232 

232 

227 

15 

335 

220 

280 

1031 

1250  1 

110 

564 

16 

301 

232 

266 

761 

935 

839 

436 

17 

240 

140 

275 

305 

341 

341 

320 

18 

241 

112 

236 

259 

291 

297 

283 

19 

133 

139 

195 

178 

200 

200 

215 

20 

173 

138 

208 

211 

231 

230 

238 

21 

415 

275 

320 

1085 

1312  1 

183 

615 

22 

350 

260 

280 

801 

1010 

935 

472 

23 

185 

140 

- 

205 

234 

231 

235 

24 

170 

145 

185 

210 

243 

230 

234 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 
Section  Type  B6-1 

Location  VII  Station  303+00 


DATE  OF 

READING 

Nov  .5 
1958 

Nov  .6 
1958 

Nov. 13 
1958 

Dec  .5 
1958 

Dec  .5 
1958 

Jan.  22 
1959 

Jan  .22 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

20.5 

21.17 

28 

50.0 

50.15 

98 

98 

AIR 

TEMPERATURE 

38°f 

6l°F 

24°F 

7°F 

2°F 

0 

OJ 

1 

4°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

265 

251 

292 

495 

520 

555 

515 

2 

265 

260 

307 

525 

530 

545 

520 

3 

510 

216 

810  ] 

.2860  : 

.3710  ; 

.4555 

_ 

4 

505 

192 

765 

- 

- 

_ 

_ 

5 

278 

258 

315 

548 

593 

578 

568 

6 

269 

252 

301 

522 

562 

563 

558 

7 

177 

186 

184 

150 

195 

120 

135 

8 

170 

179 

190 

155 

195 

105 

130 

9 

410 

254 

867 

9855 

9690 

_ 

_ 

10 

689 

274 

934 

_ 

_ 

_ 

1 1 

185 

184 

204 

185 

195 

145 

165 

12 

153 

163 

171 

158 

173 

103 

123 

13 

190 

197 

202 

185 

220 

360 

290 

14 

218 

214 

227 

212 

257 

402 

332 

15 

712 

310 

900 

1625 

1550 

_ 

_ 

16 

521 

261 

763 

1521 

l46l 

_ 

17 

305 

280 

340 

870 

890 

1020 

980 

18 

275 

254 

285 

741 

776 

901 

851 

19 

192 

210 

198 

630 

660 

725 

690 

20 

228 

228 

226 

688 

728 

798 

748 

21 

750 

371 

971 

3575 

3495 

- 

- 

22 

550 

248 

850 

4925 

4820 

- 

- 

23 

210 

244 

225 

230 

260 

170 

160 

24 

215 

230 

227 

230 

270 

190 

160 

ID-1 


262 


INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  VII  Station  303+00 

DATE  OF 

READING 

Feb. 10 
1959 

AGE  OF 
PAVEMENT 

IN  DAYS 

117 

AIR 

TEMPERATURE 

-6°F 

SR-4  STRAIN  GAGES  (MICRO-IN. /IN.) 

Gage  No.  1 

460 

2 

485 

3 

14940 

4 

_ 

5 

1448 

6 

1363 

7 

155 

8 

140 

9 

- 

10 

- 

1 1 

1285 

12 

1193 

13 

440 

14 

482 

15 

- 

16 

- 

17 

1300 

18 

1131 

19 

850 

20 

928 

21 

- 

22 

- 

23 

236 

24 

290 

1  D-l 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  VII  Station  303+00 

DATE  OF 

READING 

Oct  .16 
1958 

Oct  .16 
1958 

Oct.  17 
1958 

Oct  .18 
1958 

Oct .20 
1958 

Oct. 2: 
1958 

Oct .22 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0 

0.3 

1 

2 

4.3 

5 

6 

AIR 

TEMPERATURE 

6o°F 

65°P 

54°p 

56°p 

50°F 

46°P 

44°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0011 

2 

.0031 

3 

.0007 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

62.0 

61 .0 

52.8 

50.5 

52.5 

40.0 

40.4 

2 

59-5 

62.5 

53.2 

50.5 

52.5 

40.0 

40.8 

3 

62.5 

67.5 

57.2 

52.0 

52.5 

42.0 

40.8 

4 

61.5 

64 .5 

56.0 

52.0 

52.5 

40.0 

40.8 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  VII  Station  303+00 

DATE  OF 

READING 

Oct. 23 
1958 

Oct. 24 
1958 

Oct .25 
1958 

Oct. 30 
1958 

Nov  .4 
1958 

Nov  .5 

1958 

Nov  .5 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

7 

8 

9.1 

14 

19 

19.8 

20.0 

AIR 

TEMPERATURE 

54  F 

34°F 

55°F 

68°F 

0 

23  p 

0 

22  F 

37°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0034 

.0057 

.0048 

.0266 

.030 

.0250 

2 

.0040 

.0091 

.0072 

.032 

3 

.0026 

.0067 

.0046 

.0187 

.023 

.0204 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

47.2 

33-5 

40.4 

45.0 

30.0 

28.0 

29.6 

2 

48.5 

33.5 

41.2 

50.0 

29.6 

26.0 

29.6 

3 

52.8 

33.5 

46.4 

55-5 

84.4 

24.0 

30.0 

4 

50.0 

33.5 

43.0 

52.8 

29.6 

26.0 

29.6 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type 1 

Location  VII  Station  303+00 

DATE  OF 
READING 

Nov  .5 
1958 

Nov  .5 

1958 

Nov  .6 
1958 

Nov. 13 
1958 

Dec  .5 

1958 

Dec  .5 
1958 

Jan  .22 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

20.3 

20.5 

21.2 

28 

50.0 

50.2 

98 

AIR 

TEMPERATURE 

53°p 

3§°F 

6l°F 

240F 

7°F 

2°F 

-2°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0135 

.0182 

.007 

.0161 

.0304 

.040 

.10 

2 

.0081 

.0241 

.0516 

.050 

.109 

3 

.0096 

.0137 

.0056 

.0096 

.0374 

.0364 

.089 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

39.0 

36.5 

37.5 

7.0 

6.5 

-5.5 

2 

39.0 

35.6 

41 .2 

8.0 

5.0 

-5.5 

3 

40.0 

34.0 

43.0 

7.5 

2.5 

-3.5 

4 

38.5 

34.8 

39.5 

7.5 

3.5 

-4.0 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

.If 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-1 

Location  VII  Station  303+00 

DATE  OF 

READING 

Jan. 22 
1959 

Feb. 10 
1959 

Mar  .7 
1959 

AGE  OF 
PAVEMENT 

IN  DAYS 

98 

117 

142 

AIR 

TEMPERATURE 

.  0 

4  P 

-6°F 

35°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.i860 

.0695 

2 

.1142 

3 

.0685 

.0331 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

4.5 

2 

4.0 

3 

3.5 

4 

3.0 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  VIII  Station  294+00 

DATE  OF 

READING 

Oct. 20 
1958 

Oct. 21 
1958 

Oct. 22 
1958 

Oct. 23 
1958 

Oct .24 
1958 

Oct .25 
1958 

Oct  .27 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

0.4 

1 

2 

3.2 

4 

5.25 

7.2 

AIR 

TEMPERATURE 

49°F 

49°F 

43°F 

53°p 

32°F 

52°F 

6o°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

8 

120 

128 

43 

128 

273 

228 

2 

101 

181 

186 

121 

201 

311 

271 

3 

83 

165 

175 

100 

190 

235 

135 

4 

80 

165 

165 

95 

180 

230 

110 

5 

74 

165  ■ 

165 

95 

160 

215 

165 

6 

49 

150 

150 

75 

165 

195 

145 

7 

88 

173 

168 

103 

173 

178 

123 

8 

88 

160 

155 

75 

150 

155 

110 

9 

92 

181 

177 

87 

177 

297 

177 

10 

81 

161 

166 

81 

166 

261 

l4l 

1 1 

85 

162 

170 

85 

175 

190 

140 

12 

90 

173 

180 

95 

185 

205 

155 

13 

101 

146 

121 

70 

161 

181 

121 

14 

80 

131 

116 

21 

151 

161 

96 

15 

76 

150 

125 

40 

170 

300 

160 

16 

88 

139 

110 

30 

150 

280 

150 

17 

75 

145 

115 

50 

157 

175 

125 

18 

79 

139 

94 

39 

149 

169 

124 

19 

80 

131 

88 

38 

138 

163 

108 

20 

79 

131 

69 

4l 

131 

156 

101 

21 

77 

141 

122 

77 

162 

307 

172 

22 

75 

140 

105 

65 

140 

290 

180 

23 

55 

135 

94 

50 

120 

155 

100 

24 

65 

130 

95 

65 

120 

160 

120 

1 D-1 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  VIII  Station  294+00 

DATE  OF 

READING 

Oct  .29 
1958 

Oct  ,30 

1958 

Nov. 3 
1958 

Nov  .4 
1958 

Nov  .5 

1958 

Nov  .5 

1958 

Nov  .5 

1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

9 

10.4 

14 

15 

15.9 

16.1 

16.3 

AIR 

TEMPERATURE 

52°F 

45°f 

45°F 

0 

23  F 

20°F 

36°f 

48°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

328 

228 

287 

368 

405 

386 

350 

2 

371 

301 

319 

408 

443 

423 

404 

3 

535 

120 

462 

904 

1063 

816 

395 

4 

560 

125 

530 

1041 

1210 

992 

472 

5 

260 

190 

216 

305 

325 

308 

302 

6 

235 

170 

186 

274 

300 

285 

271 

7 

208 

178 

166 

248 

264 

246 

268 

8 

185 

155 

240 

221 

236 

218 

229 

9 

592 

196 

545 

1077 

1209 

1022 

520 

10 

551 

171 

513 

1030 

1161 

963 

501 

1 1 

230 

200 

210 

280 

295 

281 

285 

12 

240 

210 

199 

277 

293 

275 

286 

13 

221 

201 

206 

256 

271 

271 

293 

14 

211 

181 

182 

240 

265 

259 

276 

15 

590 

215 

597 

1135 

1270 

1089 

619 

16 

555 

210 

531 

1052 

1183 

1003 

562 

17 

220 

195 

197 

255 

275 

275 

295 

18 

114 

194 

185 

238 

259 

243 

287 

19 

203 

178 

160 

228 

256 

248 

258 

20 

196 

161 

151 

221 

250 

237 

249 

21 

562 

222 

532 

1074 

1191 

1002 

572 

22 

510 

205 

459 

935 

1047 

905 

504 

23 

205 

165 

178 

239 

257 

255 

268 
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205 

165 

166 

220 

235 

233 

255 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  VIII  Station  294400 

DATE  OF 

READING 

Nov  .5 
1958 

Nov  .6 
1958 

Nov. 13 
1958 

Nov. 27 
1958 

Nov  .27 
1958 

Nov. 27 

1958 

Nov. 27 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

16.4 

17.2 

24 

38.1 

38.25 

38.33 

38.5 

AIR 

TEMPERATURE 

38°F 

60°F 

24°F 

5°F 

14°F 

l6°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

343 

294 

371 

624 

608 

-623 

408 

2 

399 

351 

411 

652 

639 

-803 

414 

3 

508 

178 

825 

6129 

5735 

4126 

5326 

4 

615 

189 

878 

8722 

8312 

7886 

7937 

5 

305 

255 

294 

473 

443 

-700 

277 

6 

267 

227 

270 

434 

405 

-1627 

136 

7 

240 

223 

228 

288 

263 

-1562 

-20 

8 

210 

190 

212 

269 

240 

-272 

98 

9 

657 

202 

921 

- 

- 

- 

- 

10 

631 

181 

867 

- 

- 

- 

1 1 

265 

229 

260 

316 

1050 

-344 

156 

12 

275 

235 

280 

315 

1073 

-855 

125 

13 

266 

245 

267 

283 

681 

-499 

161 

14 

251 

221 

245 

261 

499 

-403 

143 

15 

755 

250 

972 

8323 

8010 

7070 

75^1 

16 

680 

240 

910 

9477 

9146 

8f28 

8679 

17 

262 

- 

245 

274 

387 

“235 

155 

18 

239 

250 

235 

249 

402 

-515 

109 

19 

228 

226 

228 

240 

380 

-388 

87 

20 

221 

223 

230 

257 

379 

37 

133 

21 

690 

280 

895 

7330 

7160 

6587 

6577 

22 

600 

271 

802 

8415 

8X57 

,7326 

7685 

23 

235 

243 

234 

278 

403 

-273 

135 

24 

222 

249 

210 

220 

340 

-90 

112 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  VIII  Station  294+00 

DATE  OF 

READING 

Nov. 27 
1958 

Nov .28 
1958 

Dec  «5 

1958 

Dec  .5 

1958 

Jan .22 
1959 

Jan  .22 
1959 

Feb  .1C 
1959 

AGE  OF 
PAVEMENT 

IN  DAYS 

38-7 

38.8 

46.2 

46.33 

94 

94 

113 

AIR 

TEMPERATURE 

22°F 

19°F 

7°F 

10°F 

-4°F 

3°P 

-6°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

408 

458 

588 

608 

648 

553 

672 

2 

41 

471 

621 

636 

651 

601 

676 

3 

5135 

5X95 

5815 

5625 

— 

4 

7840 

7890 

8380 

8175 

- 

- 

- 

5 

145 

375 

440 

450 

815 

635 

855 

6 

-285 

285 

405 

420 

795 

665 

845 

7 

-332 

98 

258 

278 

1388 

1033 

1518 

8 

230 

90 

225 

260 

1350 

1140 

1430 

9 

10 

11 

110 

220 

285 

290 

280 

320 

330 

12 

125 

205 

280 

300 

275 

325 

295 

13 

181 

201 

271 

311 

291 

231 

301 

14 

81 

201 

261 

301 

261 

221 

286 

15 

7450 

7570 

8060 

7900 

- 

- 

- 

16 

8600 

8730 

9250 

9095 

- 

- 

- 

17 

25 

215 

275 

295 

185 

175 

235 

18 

-91 

189 

229 

249 

169 

149 

209 

19 

-72 

188 

228 

263 

168 

138 

188 

20 

191 

199 

251 

281 

191 

161 

201 

21 

6542 

6642 

7092 

6952 

- 

- 

- 

22 

7505 

7765 

8195 

8050 

- 

- 

- 

23 

85 

225 

255 

290 

175 

180 

205 

24 

100 

180 

200 

240 

140 

130 

170 

ID-1 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  VIII  Station  294iOO 

DATE  OF 
READING 

Oct.  20 
1958 

Oct  .20 
1958 

Oct. 21 
1958 

Oct .22 
1958 

Oct  .23 

1958 

Oct  .2* 
1958 

Oct  .2C 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0 

0.4 

1 

2 

3.2 

4 

5.25 

AIR 

TEMPERATURE 

32.5°F 

49°P 

49°F 

43°F 

53°F 

32°F 

52°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

0 

.0022 

2 

0 

.0023 

3 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

44.5 

55.0 

44.5 

38.5 

46.4 

33.5 

40  .0 

2 

46.8 

55.0 

45.0 

38.5 

50.0 

34.0 

42.0 

3 

46.8 

55-0 

45.5 

38.5 

51 .0 

34.0 

45 .0 

4 

47.6 

55-0 

45 .0 

38.5 

50.0 

34.0 

44.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  VIII  Station  294*00 

DATE  OF 

READING 

Oct .27 
1958 

Oct. 29 
1958 

Oct. 30 
1958 

Nov  .3 

1958 

Nov  .4 
1938 

Nov  .5 

1958 

Nov  .5 

1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

7.2 

9 

10.4 

14 

15 

15.9 

16.1 

AIR 

TEMPERATURE 

60°F 

52°F 

45°F 

45°F 

23°F 

20°F 

36°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0011 

.0092 

.0028 

.0116 

.0208 

.0240 

.0187 

2 

.0020 

.0074 

.0030 

.0092 

.0192 

.0216 

.0169 

3 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

43.5 

36.5 

47.6 

40.4 

23.5 

15.5 

31.5 

2 

47.2 

38.5 

47.2 

40.4 

24.5 

17.5 

32.0 

3 

48.5 

39-0 

47.2 

40.4 

26.0 

19.4 

32.0 

4 

47.2 

39.0 

47.6 

40.4 

25.5 

18.5 

32.0 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  VIII  Station  294+00 

DATE  OF 

READING 

Nov  .5 
1958 

Nov  .5 

1958 

Nov  .6 
1958 

Nov. 13 
1958 

Nov  .27 

1958 

Nov. 2^ 

1958 

'  Nov. 2' 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

16.3 

16.4 

17.2 

24 

38.2 

38.3 

38.5 

AIR 

TEMPERATURE 

48°F 

38°F 

60°F 

24  F 

14°F 

16°F 

22°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0104 

.0142 

.0038 

.0154 

.0374 

.0442 

2 

.0082 

.0118 

.00261 

.0141 

.0410 

.0554 

3 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

35.6 

35-5 

36.0 

27.5 

2 

36.0 

34.5 

38.5 

27.5 

3 

36.5 

33-5 

39-5 

27.5 

4 

36.0 

33.0 

39.0 

27.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

1 D-2 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  VIII  Station  294+00 

DATE  OF 

READING 

Nov. 27 
1958 

Nov. 28 
1958 

Nov. 28 
1958 

Nov. 26 
1958 

Nov  .2f 
1958 

i  Nov  .21 
1958 

i  Nov. 28 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

38.7 

38.8 

38.9 

39 

39-25 

39.35 

39.6 

AIR 

TEMPERATURE 

22°F 

19°F 

29°F 

26.5°f 

34°f 

30°F 

26°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0332 

.0297 

.0272 

.0234 

.0226 

.0244 

2 

.0368 

.0341 

.0312 

.0252 

.0254 

.0280 

3 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

15.0 

15-5 

17.0 

13.5 

24.0 

26.0 

28.5 

2 

15.0 

15.5 

17.0 

16.0 

26.5 

26.5 

29.2 

3 

15.0 

15.5 

17.0 

17.0 

27.5 

27.0 

28.5 

4 

15.0 

15.5 

17.0 

17.0 

27.5 

27.0 

28.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  o-2 

Location  Station  293+00 

DATE  OF 

READING 

Nov. 29 
1958 

Nov. 29 
1958 

Dec  .5 

1958 

Dec  .5 
1958 

Jan .22 
1959 

Jan .22 
1959 

Feb. 10 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

39.7 

39.9 

46.2 

46.3 

93-9 

94.1 

113 

AIR 

TEMPERATURE 

30°P 

26°P 

7°P 

10°F 

-3°P 

10°F 

-6°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0342 

.0338 

.0605 

.0626 

2 

.0430 

.0421 

.0735 

.0750 

3 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

27.0 

27.0 

5.5 

10 

-3.0 

-3.5 

2 

27.0 

27.0 

6.5 

8.0 

-4.0 

-5.0 

3 

27.5 

27.0 

8.0 

8.0 

-4.0 

-3.5 

4 

27.5 

27.0 

8.5 

7.5 

-4.0 

-4.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  ^-2 

Location  IX  Station  289+50 

DATE  OF 

READING 

Oct. 20 
1958 

Oct. 21 
195* 

Oct .22 

S  1958 

Oct  .23 
1958 

Oct  .24 
1958 

Oct. 25 
1958 

Oct  .27 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

0.2 

0.9 

1.9 

3 

3.9 

5.1 

7.1 

AIR 

TEMPERATURE 

45°F 

48°F 

4l°P 

55°P 

31°F 

53°F 

58°f 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

+4l 

80 

112 

80 

155 

280 

220 

2 

+30 

70 

29 

25 

65 

270 

190 

3 

46 

88 

67 

43 

93 

213 

193 

4 

21 

56 

41 

31 

66 

246 

181 

5 

35 

70 

55 

45 

80 

170 

105 

6 

43 

71 

81 

50 

111 

161 

116 

7 

26 

46 

5 

15 

55 

220 

165 

8 

155 

0 

-40 

15 

165 

170 

9 

33 

60 

29 

32 

65 

280 

180 

10 

-123 

50 

85 

64 

115 

345 

235 

1 1 

34 

_ 

_ 

_ 

_ 

— 

12 

70 

90 

78 

55 

120 

178 

115 

13 

65 

55 

-25 

-25 

-10 

95 

5 

14 

100 

100 

4l 

0 

70 

145 

50 

15 

43 

40 

-10 

-47 

8 

228 

93 

16 

114 

95 

65 

25 

90 

295 

150 

17 

48 

60 

17 

-18 

23 

148 

38 

18 

80 

59 

30 

0 

50 

140 

40 

19 

57 

28 

42 

-43 

12 

78 

-22 

20 

100 

70 

25 

5 

45 

115 

45 

21 

75 

75 

25 

-10 

50 

125 

110 

22 

69 

19 

10 

-40 

50 
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65 

23 

24 

10 

20 

-15 

-66 

15 

65 

-15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  IX  Station  289+5O 

DATE  OF 
READING 

Oct. 29 
1958 

Oct  .30 
1958 

Nov  .3 
1958 

Nov. 13 
1958 

Dec  .5  : 
1958 

Dec  .5 
1958 

Jan .22 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

8.9 

10.2 

14 

24 

46 

46 

94 

AIR 

TEMPERATURE 

50°F 

45°f 

43°F 

25°F 

4°F 

4°F 

3°F 

SR-4  STRAIN  GAGES  (MICRO-IN. /IN.) 

Gage  No.  1 

350 

: 

352 

446 

1035 

1025 

1030 

2 

250 

240 

350 

434 

1015 

1030 

1000 

3 

323 

253 

313 

388 

873 

853 

1163 

4 

311 

216 

284 

379 

876 

861 

Il4l 

5 

205 

160 

177 

225 

380 

405 

530 

6 

211 

156 

192 

241 

376 

401 

351 

7 

290 

285 

369 

1050 

975 

1115 

8 

285 

215 

301 

360 

1085 

1015 

1155 

9 

540 

225 

477 

590 

1215 

1320 

1300 

10 

515 

265 

545 

680 

1375 

1275 

1460 

11 

- 

- 

- 

- 

- 

- 

- 

12 

220 

165 

216 

230 

250 

770 

245 

13 

125 

140 

142 

133 

170 

210 

680 

14 

185 

170 

180 

184 

225 

275 

715 

15 

418 

188 

397 

635 

1473 

1303 

1228 

16 

525 

255 

535 

805 

1775 

1595 

1455 

17 

158 

158 

159 

148 

203 

273 

178 

18 

155 

160 

138 

149 

155 

200 

125 

19 

98 

98 

197 

82 

118 

158 

88 

20 

150 

160 

148 

137 

125 

175 

100 

21 

480 

210 

448 

718 

1650 

1475 

1290 

22 

458 

160 

500 

786 

1520 

1350 

1055 

23 

24 

105 

120 

115 

110 

70 

125 

75 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 
Section  Type  B6-2 

Location  IX  Station  289+50 


DATE  OF 

READING 

Feb  .10 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

113 

AIR 

TEMPERATURE 

-5°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

1125 

2 

1100 

3 

1398 

4 

1351 

5 

600 

6 

631 

7 

1245 

8 

1305 

9 

1500 

10 

1685 

1 1 

- 

12 

270 

13 

810 

14 

850 

15 

1558 

16 

1765 

17 

193 

18 

140 

19 

133 

20 

135 

21 

1540 

22 

1320 

23 

_ 

24 

45 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  IX  Station  289^50 

DATE  OF 
READING 

Oct. 20 
1958 

Oct  .20 
1958 

Oct .21 
1958 

Oct. 22 
1958 

Oct  .23 
1958 

Oct  .24 
1985 

Oct. 25 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0 

0.2 

0.9 

1.9 

3 

3-9 

5.1 

AIR 

TEMPERATURE 

52°F 

45°F 

48°F 

4l°F 

55°F 

3l°p 

53°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0036 

2 

.0042 

3 

.0034 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

^9.5 

52.0 

45.0 

40.8 

49.0 

35.0 

42.5 

2 

46.4 

51  o0 

45.5 

40.4 

51 .0 

34.0 

45.5 

3 

42.5 

50.5 

46.0 

40.8 

52.5 

33.0 

48.0 

4 

45.5 

51.0 

45.5 

40.8 

51.5 

33.5 

46.5 

5 

45.5 

51 .0 

45.5 

40.8 

51.5 

33.0 

46.0 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  IX  Station  2894-50 

DATE  OF 

READING 

Oct .27 
1958 

Oct  .29 
1958 

Oct  .30 

1958 

Nov. 3 
1958 

Nov. 13 
1958 

Dec  .5 

1958 

Dec  .5 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

7.1 

8.9 

10.2 

14 

24 

46.0 

46.1 

AIR 

TEMPERATURE 

58°P 

50°F 

45°F 

43°P 

25°F 

4°F 

4°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0037 

.0100 

.0049 

.0128 

.0170 

.030 

.028c 

2 

.0038 

.0104 

.0056 

.0134 

.0212 

.0366 

.0322 

3 

.0030 

.0120 

.0039 

.0122 

.0187 

.0381 

.034$ 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

45.5 

40.5 

46.5 

40.4 

2Q.2 

1  .0 

11.0 

2 

48.0 

42.0 

46.0 

40.8 

28.4 

3.0 

8.8 

3 

52.5 

44.0 

46 .5 

41.6 

28.4 

3.5 

7 

4 

50.5 

43.0 

46.5 

40.4 

28.4 

3 .5 

7.5 

5 

49-5 

42.5 

47.2 

40.4 

28.4 

4.0 

8.0 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

08S 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  B6-2 

Location  Station  289*50 

DATE  OF 

READING 

Jan .22 
1959 

Jan. 22 
1939 

Feb  .10 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

93.9 

94.1 

113 

AIR 

TEMPERATURE 

I 

ui 

0 

3°P 

-5°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0316 

.0342 

2 

.0321 

.0357 

3 

.0307 

.0336 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

-0.5 

8.0 

0.5 

2 

1.0 

6.5 

0.5 

3 

6.0 

8.5 

0.5 

4 

3.0 

6.0 

0.5 

5 

2.0 

8.0 

0 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  ^-6 

Location  X  Station  2624-50 

DATE  OF 

READING 

Oct .29 
1958 

Oct  .30 

1958 

Oct .31 
1958 

Nov  .1 
1958 

Nov  .3 

1958 

Nov  .4 
1958 

Nov  .4 
1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

0.7 

2 

3-2 

3.7 

6 

7.3 

6.9 

AIR 

TEMPERATURE 

52°F 

57°F 

49°P 

50°F 

4l°P 

23°F 

44°F 

SR-4  STRAIN  GAGES  (MICRO-IN. /IN.) 

Gage  No.  1 

100 

120 

390 

339 

392 

548 

449 

2 

140 

160 

370 

322 

379 

503 

4l6 

3 

145 

145 

1100 

551 

660 

1900 

640 

4 

140 

150 

910 

432 

482 

1340 

442 

5 

125 

140 

640 

487 

525 

979 

609 

6 

125 

475 

685 

460 

487 

900 

551 

7 

145 

-295 

195 

171 

165 

231 

164 

8 

145 

155 

200 

171 

163 

232 

151 

9 

135 

585 

1290 

790 

810 

1738 

538 

10 

140 

-20 

1370 

862 

956 

2104 

782 

1 1 

125 

-715 

170 

155 

157 

215 

143 

12 

140 

75 

200 

179 

183 

260 

179 

13 

90 

100 

140 

122 

121 

166 

116 

14 

85 

100 

115 

97 

86 

136 

190 

15 

80 

95 

1205 

669 

922 

2025 

812 

16 

90 

105 

1225 

683 

915 

1677 

627 

17 

80 

80 

105 

83 

63 

110 

63 

18 

75 

75 

100 

69 

40 

112 

48 

19 

95 

150 

135 

109 

85 

154 

91 

20 

30 

70 

75 

40 

29 

82 

36 

21 

85 

115 

1140 

590 

859 

2051 

1000 

22 

75 

110 

1010 

493 

697 

1589 

820 

23 

6o 

100 

75 

60 

59 

120 

66 

24 

60 

105 

85 

65 

61 

106 

65 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 
Section  Type  A -6 

Location  x  Station  262+50 


DATE  OF 
READING 

Nov  .5 

1958 

Nov  .5 

1958 

Nov  .5 
1958 

Nov. 13 
1958 

Nov  .27 
1958 

Nov.  27 
1958 

Nov.2f 

1958 

AGE  OF 
PAVEMENT 

IN  DAYS 

7.6 

8 

8.1 

16.0 

29.7 

29.8 

30.3 

AIR 

TEMPERATURE 

20°F 

46°F 

39°F 

22°F 

2°F 

19°F 

17°F 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

547 

528 

507 

519 

510 

485 

410 

2 

472 

468 

466 

440 

435 

416 

380 

3 

979 

640 

628 

583 

1150 

768 

550 

4 

700 

418 

430 

560 

870 

562 

390 

5 

908 

591 

530 

626 

829 

731 

470 

6 

822 

517 

480 

552 

774 

645 

390 

7 

203 

204 

2X5 

189 

135 

135 

105 

8 

212 

207 

210 

190 

158 

145 

120 

9 

730 

200 

244 

400 

880 

311 

220 

10 

1112 

502 

236 

621 

ms 

523 

430 

1 1 

192 

173 

184 

164 

105 

105 

85 

12 

240 

230 

232 

217 

176 

172 

140 

13 

150 

162 

165 

132 

74 

91 

30 

14 

121 

131 

135 

95 

45 

175 

15 

15 

920 

385 

412 

166 

895 

380 

305 

16 

755 

215 

239 

316 

767 

245 

175 

17 

83 

92 

94 

55 

5 

35 

-10 

18 

84 

95 

95 

42 

-12 

23 

-35 

19 

109 

127 

125 

85 

15 

45 

-5 

20 

64 

77 

74 

35 

-18 

10 

-50 

21 

22 

769 

270 

190 

290 

770 

278 

150 

23 

55 

79 

62 

40 

-25 

-5 

-50 

24 

60 

83 

71 

43 

-25 

-5 

-45 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  A -6 

Location  X  Station  262+50 

DATE  OF 

READING 

Dec  .5 

1958 

Dec  .5 

1958 

Jan  .22 
1959 

Jan.  22 
1959 

Feb  .10 
1959 

AGE  OF 
PAVEMENT 

IN  DAYS 

37.8 

38.0 

84.7 

85.I 

104 

AIR 

TEMPERATURE 

-3.5°F 

4°F 

-5°F 

3°P 

-6°P 

SR-4  STRAIN  GAGES  (MICRO-IN./IN.) 

Gage  No.  1 

195 

210 

450 

440 

470 

2 

475 

470 

430 

370 

435 

3 

1480 

780 

850 

445 

820 

4 

1160 

590 

640 

275 

590 

5 

885 

835 

890 

400 

730 

6 

805 

670 

640 

355 

660 

7 

160 

195 

125 

75 

115 

8 

215 

200 

160 

100 

150 

9 

1120 

460 

520 

20 

470 

10 

1380 

690 

750 

200 

590 

1 1 

140 

165 

115 

45  ... 

95 

12 

200 

230 

190 

120 

170 

13 

110 

120 

50 

70 

70 

14 

75 

115 

35 

85 

55 

15 

1165 

585 

505 

35 

525 

16 

1035 

445 

405 

-75 

405 

17 

30 

80 

5 

35 

10 

18 

5 

105 

-15 

45 

-15 

19 

50 

95 

15 

60 

25 

20 

0 

50 

-45 

-10 

35 

21 

_ 

_ 

_ 

_ 
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22 
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445 

1010 

520 
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23 
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40 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  A-6 

Location  x  Station  262  *50 

DATE  OF 

READING 

Oct  .29 
1958 

Oct. 30 
1958 

Oct. 31 
1958 

Nov  .1 

1958 

Nov. 3 
1958 

Nov  .4 
1958 

Nov  .4 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0.7 

2 

3.2 

3.7 

6 

■ 

7.3 

AIR 

TEMPERATURE 

52°p 

57°P 

49°F 

50°P 

4l°F 

44°F 

23°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.00.05 

.0237 

.0187 

.0262 

.0240 

.048 

2 

.0005 

.0219 

.0158 

•0257 

.0282 

3 

.0007 

.0195 

.014 

.0240 

.0270 

.046 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

48.5 

56.5 

43.5 

49.0 

39.5 

39.0 

33 

2 

50.0 

58.0 

45.0 

49.5 

39.5 

40.0 

34 

3 

52.0 

60.0 

45.5 

49.5 

39.5 

41 .0 

35 

4 

49.5 

60.0 

45.5 

49.'5 

39.5 

40.0 

34.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  A-6 

Location  X  Station  262+50 

DATE  OF 

READING 

Oct  .29 
1958 

Oct  .30 
1958 

Oct. 31 
1958 

Nov  .1 

1958 

Nov  .3 

1958 

Nov  .4 
1958 

Nov  .4 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

0.7 

2 

3.2 

3.7 

6 

6.9 

7.3 

AIR 

TEMPERATURE 

52°F 

57°F 

49°F 

50°F 

4l°F 

44°F 

23°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0005 

.0237 

.0187 

.0262 

.0240 

.048 

2 

.0005 

.0219 

.0158 

.0257 

.0282 

3 

.0007 

.0195 

.014 

.0240 

.0270 

.046 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

48.5 

56.5 

43.5 

49.0 

39.5 

39-0 

33 

2 

50.0 

58.0 

45.0 

49.5 

39.5 

40.0 

34 

3 

52.0 

60.0 

45.5 

49.5 

39.5 

41.0 

35 

4 

49.5 

60.0 

45.5 

49.5 

39.5 

40.0 

34.5 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  A -6 

Location  X  Station  2624-50 

DATE  OF 

READING 

Nov  .5 
1958 

Nov  .5 
1958 

Nov. 5  1 
1958 

«ov.5 

1958 

tfov  .13 
1958 

Nov. 27 
1958 

Nov. 21 
1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

7.6 

7.7 

8 

8.1 

15.7 

29.7 

29.8 

AIR 

TEMPERATURE 

20°F 

36°f 

46°F 

39°F 

32°F 

2°F 

I90F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0366 

.024 

.0216 

.0268 

.0236 

.0274 

.0226 

2 

.026 

.0264 

.0335 

.0235 

3 

.0410 

.028 

.0235 

.0188 

.0222 

.0305 

.0238 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

28.8 

30.5 

39.0 

36.0 

28.8 

2 

27.5 

30.5 

39.0 

36.0 

28.8 

3 

25.5 

31.5 

37.5 

35.5 

28.8 

4 

26.0 

31 .0 

36.5 

35.5 

28.4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  A-6 

Location  X  Station  262+50 

DATE  OF 

READING 

Nov. 27 

1958 

Nov. 27 

1958 

Nov. 27 
1958 

Nov. 28 
1958 

Nov. 28 
1958 

Nov  .26 
19581 

Nov.2f 

1958 

AGE  OF 

PAVEMENT 

IN  DAYS 

29-9 

30.0 

30.2 

30.3 

30.4 

30.6 

30.7 

AIR 

TEMPERATURE 

17°F 

15°F 

21 .5°F 

17°p 

28°P 

28°F 

31°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0196 

.0182 

.0142 

.0132 

.0143 

2 

.0215 

.0206 

.0139 

.0126 

.0095 

3 

.0211 

.0202 

.0176 

.0160 

.0137 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

12 

15.0 

15.5 

14.0 

18.8 

2 

12 

14.5 

15.5 

14.5 

21 .0 

3 

12 

14.5 

15.5 

15  .5 

22.0 
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13 

16.0 

15.5 

16 .0 

25.0 
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10 

1 1 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  A-6 

Location  X  Station  262+50 

DATE  OF 

READING 

Nov. 28 
1958 

Nov. 28 
1958 

Nov. 29 
1958 

Nov .29 

1958 

Dec  .5 
1958 

Dec  .5 

1958 

Jan  .22 
1959 

AGE  OF 
PAVEMENT 

IN  DAYS 

31 .0 

31.2 

31.3 

31.5 

37.8 

38 

85  , 

O 

AIR 

TEMPERATURE 

3l°p 

23°F 

27°p 

26°F 

-3.5°P 

4°p 

-5°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0142 

.0230 

.0280 

.0214 

.0235 

2 

.0102 

.0120 

.0380 

.0288 

.0248 

3 

.0140 

.0158 

.0367 

.0276 

.0274 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

21 .0 

25.5 

22.5 

23.5 

2.5 

7.5 

-2.0 

2 

23.0 

26.0 

22.5 

23.5 

2.0 

7.5 

-1 .0 

3 

24.0 

26.0 

22.5 

23.5 

2.0 

5.0 

-0.5 

4 

26.0 

26.0 

24.5 

25.5 

2.0 

6.0 

-0.5 
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10 

1  1 

12 

13 

14 

15 
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INSTRUMENTATION  DATA 

TEST  ROAD  -  BOWNESS,  ALBERTA 

Section  Type  A -6 

Location  X  Station  262+50 

DATE  OF 

READING 

Feb  .10 
1959 

AGE  OF 

PAVEMENT 

IN  DAYS 

104 

AIR 

TEMPERATURE 

-6°F 

CRACK  WIDTH  MEASUREMENTS  (INCHES) 

Plug  No.  1 

.0221 

2 

.0241 

3 

.0262 

4 

5 

6 

7 

8 

PAVEMENT  TEMPERATURE  (DEGREES  FAHRENHEIT) 

Gage  No.  1 

-3.0 

2 

-3.0 

3 

-4.0 

4 

-4.0 

5 
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10 

1 1 

12 

13 
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15 

1 D-2 


XiAG  HOT?  \rH5IS4U8T2HI 

ATiBSJA  323HWaa  -  GAOS  T23T 

ci~.n  ^ciyT 

0<**£dS  noitasoJ 


or.  d£ 

eeei 

30  3TAG 

OH!  a  A3  Si 

-10  30 A 
i'H3AA3VAq 
?,YA(J  Hi 

:.°d- 

51!  A 

351UTA513SM3T 

immm)  wratw  y^m-j 

, 

,oH  Qulci 

lUSO, 

£c)SC. 

e 

d 

8 

ammsmA':  %r.nAW'%mi  waMavA* 

0..£- 

r  „6M  sgfiO 

0.£- 

i 

d 

€ 

0.-H- 

t 

b 

X 

8 

9 

or 

_ 

r  r 

sr 

sr 

,  r  ;: 

sr 

